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LECTURE 1. 

Thb Anatomy, Htstolohy, and Mobbid Anatomy of the 

fiCTRABBNAL CAPBULBS. 

[In hie preliminaiy remarks the lectarer thanked the College 
lor the honour conferred on him, and said that since the 
saprareual ciipsules were attracting considerable attention at 
the present time, it seemed opportune to review the etate of 
our knowledge conceroing them.] 

Method of Removal.— U may, perhaps, not be out of place to 
Bajr a few words about the method of examinins the supra- 
renal capsules po^f »;wr(eMi, In ordinary cases they should 
not be removed at the same time as the kidnejra, bat the 
following plan should be adopted : After the lungs, intes- 
tines, stoniaoh, duodenum, and pancreas have been removed, 
the connective tissue should be disBected from the upper 
and inner border of the left kidney ; by this means the left 
suprarenal will be exposed in eitu, and can then be easily 
removed. 

In order to satisfactorily expose the right suprarenal body 
the liver should not be removed, but should oe allowed to 
fall back into the empty thorax. To effect this the diapbraem 
must be freely cut across. This upward rotation of the 
anterior margin of the liver puts the inferior vena cava on 
the stretch. After opening tne interior vena cava it should 
be picked up with forceps, and dissected off the spine; in this 
way the right suprarenal capsule is completely exposed m 
si^, andean then be easily removed with a little dissection. 
If the liver is taken oat first, the capsule, from their close 
relations, is often removed with it, or cut in half. 

The Right Suf&abbnaj. Capsclb. 
The right suprarenal capsule embracefl the inner, upper, 
and anterior part of the corresponding kidney. Its outline, 
as seen from the front, is roughly triangular, witli angles 
pointing respectively (1) outwards, (2} upwards, and (3) down- 
wards. It is flattened and presents two surfaces, anterior 
and posterior, each of which is divisible into two secondary 

The anterior surface is not uniformly fiat; along its npper 
and inner borders there is a continuous depressed area. 
This bears a varying proportion, one-third to a-half, to the 
whole extent of the anterior surface, usually about a third. 
The two areas thus formed on the anterior surface are sepa- 
rated by a furrow. The farrow is sverhnng by the margin 
of the larger, outer, and comparatively elevated area. 

Section of the suprarenal capsule showB that the furrow 
cortesponds to a projection on the posterior surface. 
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This undulation on the anterior BQtfacb follows the c 
of the Dpper and inner borders. At a point on this undula- 
tion, oorreeponding to the upper and inner angle, the supra- 
renal vein issues from the medulla in the furrow, and runs 
upwards to enter the inferior vena cava. 

The depreseed area is uncovered by peritoneum ; the paH 
which lies adjacent to the upper border is in immediate 
contact with the right lobe of the liver, while that part which 
correaponda to tlie inner border lies underoeath the inferior 

The remaining or elevated area on the anterior surface 
presents (1) a non- peritoneal portion (Anderson)' for the 
hepatic flexure of the duodenum near its lower angle; the 
extent of this portion varies very considerably (ISt. John 
Brooks) ;' and (2) a portion covered by the peritoneum form- 
ing the hepato-renal fold. 

The posterior surface is divided by a projection into two 
secondary areas. This projection, which ia the counterpart 
of the furrow on the anterior surface, fits into the groove 
between the liidney and the riglit crus of the diaphragm. 
This undulation in the suprarenal Iwdy is oblique, and the 
process on the posterior surface tooka outwards. Of the two 
secondary areas the Inner Is flattened by the presHure of the 
right crns of the diaphragm, and is larger than the outer 
nrea, which is 80 tilted upwards by the underlying kidney 
that it looks backwards and downwards. These two secondary 
areas do not lie in the same plane, and in early life appear so 
distinct as to susgest a description of three surfaces to the 
right suprarenal Dody — namely, an anterior, corresponding to 
that deaciibed above ; a posteriorj in contact with the crus of 
the diaphragm; and an inferior, in contact with the kidney. 
As age advanaes, however, the snprarenal becomes thicker, 
and the tripartite appearance is leas marked. 

On comparing the secondary areas on the anterior surface 
with those on the posterior surface, it ia seen that on the 
anterior surface the outer area is the larger, and overlies the 
smaller outer area on the posterior surface, while tlie smaller 
inner depressed area on tlie anterior surface corresponds to 
the larger surface tor the crus on the posterior surface. The 
difference in size of corresponding areas on the two surfaces 
depends on the obliquity of the undulation. The presence of 
thia undulation and its obliquity appear to be mechanically 
explained by the pressure exerted on the suprarenal capsule 
by the adjacent organs. Thua the immediate contact of the 
liver and inferior vena cava with parts of the anterior surface 
tend lo fix that area, while the kidnev from behind presses 
the reat of the anterior surface forwaras, and slightly towards 
tlie middle line. The groove between the right crus and the 
kidney readily receives part of the organ, and ia responsible 
for the spur-like process on tlie posterior surface. 

Thb Left t^tTPSABBNAL Cafbuls. 
The left suprarenal capsule ia applied to the inner margin 
of the upper half of the left kidney, which it overlapa; it 
passes into the upper margin of the kidney for a short 
distance only. The inner border is convex, and looks slightly 
upwards; the outer border is concave. There are two 
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anglEB : the upper which is pointed, and the inferior rounded 
ana covering the renal veBHele. There are two eurfacee — 
anterior and posterior. The anterior has a creecentic outline. 
It is flat, and traversed b; a groove or fnrrow, from which the 
an^rarenal vein rone downwards to join the left renal vein. 
This eroove mna from above downwards and inwards, and 
thns dividea the anterior snrfaee into two secondary areas : 
(a) an onter and inferior, and (fi) an inner and upper. Near 
the superior angle these areas are o( equal size, but below the 
outer becomes the larger, and forms the lower rounded angle 
of the suprarenal body. 

Relations of the Anterior Surface.— The anterior surface is 
divided into (1) an upper portion covered by the peritoneum 
of the lower sac, and in relation with the cardiac end of the 
stomach near the entrance of the cesophagns, and below that 
with the superior extremity of the spleen ; and (2) the lower 
part uncovered by peritoneum, and in direct contact with the 
pancreas and splenic arteiy. On the poeterior Burface there 
IS a projection corresponding to the furrow on the anterior 
snrface. This projection passes between the kidney 
iind the cms of the diaphragm almost at right angles 
to the plane of the anterior surface. This undu- 
lation is vertical, thus contrasting with the obligue 
undulation in the right suprarenal body. External 
to the projection there is the external area larger tlian the 
internal. This external area la thin, and is expanded by the 
pressure of the underlying kidney. The renal veaaels as they 
pass into the hilnm lie under cover of this area. Internal to 
the projection is the smaller internal area which rests on the 
crus of the diaphragm ; it is thick and compact, and majr 
cover the left semilunar ganglion, but this is not a constant 
relation. 

Anatomical OoNroascATiOM. 

The different folding, aa shown by the oblique and vertical 
directions of the undulations respectively in the right and 
left suprarenal bodies, depends on the differences in the 
packing of the two organs. The probable explanation of the 
more complicated form of the undulation on the right side is 
the close relation to the firm liver, and the preasore thereby 
exerted on the saprarenal body. The right suprarenal body 
is flattened and expanded, while the left is compact. Occa- 
sionally the right may be more compact and resemble the 
left, while again the left maybe somewhat expandi'd and 
flattened. Each of the organs weighs about a drachm or 
ratlier more, the left being rather thf heavier. 

In cases wliere the kidney ia d'Siplac^d, the cnrrehpnnd ng 
suprarenal capsule rnmains in iia noimwl pnhitinn. V hm a 
horeifhoe kidney i-xists the pisiiiun o' the suprarenal budies 
undt-rgoei' no change, even thi uyh ihn kidn.y is e 
over Ihe promontj,ry of the shiti ' . .. , . 

kind the hiiprarenal bodien lay on 

and were fl^t and not thr .wo intu their nornnil undiiiauiiio. 
This obHervatii.n aVoas the iiiBuence which Ihe pr^-fure n.ir- 
mallj exfrted by the kidneys has on the confiitmatiun ol the 
adrenals. 

The suprarenal body has a firm capsule of flhroua tissue, 
and running in from it are septa containing small arteries 
which traverse the cortex and reach the medulla. To the 
naked eye the section of the suprarenal body shows an outer 
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buff layer or cortex Burroanding the grey to dark-brown 
central part or medulla, in the centre of which there ia a 
greylBh-white area containing one or more large veins. The 
colour of the mednlla varies considerably. 

The arteries derived Irom the aorta, renal and phrenic 
arteries, enter the cortex and pass inwards towards the me' 
dtilla : althehilum the cortex thins away and enposee the 
medulla, from which the suprarenal vein iaeueH. 

The suprarenal vein in the medulla is surrounded by large 
bandies of smooth muscular tissue, which form a prominent 
feature on section. Guatnieri and Magini^ suggest that the 
circulation through the organ may be slowed by the contrac- 
tion of these muscular bundles. 

In fcetal life the large and very vascular suprarenal cap- 
sules are relatively, though not absolutely, larger than 
in adult life. Their large si£e and vascularity make It pro- 
bable that their functioos are more extensive and active in 
fcetal life. At the third month of intrauterine life the 
kidneys and anprarenal capsules are of t)ie same slie ; at 
the sixth month the kidneys are twice the size of the supra- 
renal capsnies and more thao twice their weight. At birth 
the kidneys are abont three times tieavier than the supra- 
renal capsnies, while in adult life, the kidneys weighing on 
an average 5h ounces and the suprarenal bodies 1 drachm 
each, the relation is 44 to 1. Alter birth the suprarenal 
capsules continue to increase in size, and, like other organs, 
attain a size varying roaghly with that of the whole body. 
At what time they cease to grow it is impossible to say ; but 
the general impression left on my mind from examining 
more than 1,000 pairs is that they are larner about 40 years 
of age than at ouier periods of life. Probably some of the 
increase in size ie due to fatty change. Their growth after 
birth shows that they cannot be regarded ae merefictal relics. 
In old age th^y diminish in size and, like other parts of the 
body, contain less fat. 

It is often stated that the suprarenal bodies are larger in 
negroes than in the white races. Duckworth ' mentions five 
dissections of negroes in which the snprarens) capsules 
were not larger than in whites. Professor MacaHster has 
kindly informed me that in four negroes and in one Malay 
dissected by him the suprarenal bodies presented no unusual 
features. 

ASNOfiMAL SUFSABBNAL BODIES. 

The different shape of the two suprarenal bodies depends 
on their different relations and packing. I have seen the left 
expanded, and the right approaching the shape of the teft. 
It would be natural to suppose that in transposition of the 
viscera the respective forms of the two would also be re- 
versed. 

I have met with abnormal projections from the suprarenal 
body on both aides. The figure, from a photograph kindly 
done by Mr. W. Paul Jones, shows one on the right side. U 
more pedunculated it might resemble in appearance an 
accessory suprarenal body. 

In aneneephalv and hemicephaly the suprarenal capsules 
may be atrophied or absent ; on the other hand, they may be 



normal. Alexander* haB not been able to And any cases ot 
fcetnsee ia which atrophy of the HUi>rareiial bodies was 
associated with a normally developed brain and spinal cord. 

Zander' attributes the atrophy of the suprarenal bodies to 
the mal development of the nervous system ; while Alexander 
considers that the primary leaion is in the suprarenal bodies, 
and that Buppression of tneir function is one, among several, 
ol the cansoE inflnencing the development of the central 
nervous system. This view is of considerable interest in 
connection with the severe leaiona which Tizzonl found in 
the brain and spinal cord as a result of removal of the supra- 
renal capsules. 




ACCEBSOBY RUPEAKBNAX BODIES. 

Accessory suprarenal bodies are very commonly present in 
the connective tissue in the immediate neighbourhood of the 
two organs. They are found when loolteof lor, but do not 
otherwise, as a rule, attract attention, as they are so small. 
They are yellow in colour, oval or round, and usually about 
the size of a grain ol com. They are often in contact with 
the main organ, or may be attaciied to it by tags of librona 
tissue, of various lengths, containing small vessels. Bome- 
times irregular processes come off from the surface or edge ot 
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the anprareQEil capenles, If the baee of these piojections 
becomes constricted an acceeeory Boprarenal will reBalt. 
Theae piojectionB are different from tlie Bmall adenomaUL bo 
commonly met with in adnlts in which fatty degeneration is 
always a prominent feature. 

The nnmber of acceBBory snprarenal bodies varies. I have 
seen aa many as five on one aide (the right), bat thla waa in 
a case in which that capsale containea aaeeoaB material, bo 
their presence may havebeen the result of some coupenBatory 
hypertrophy taking place, especially aa the case naa that of a 
boy of 17 years dymg of chronic phthisis without any syni- 
ptoms of Addison's diseaBe. Stilling' haa shown that hyper- 
trophy of acceaaory adrenal bodiea may take place in young 
animals after the experimental removal of the organa. 
Although there is no evidence of oompenaatory hypertrophy 
occurring in adult man, it is poaaibte that it may occur in 
early life. The largeat acceasory snprarenal 1 have aeen waa 
as large as a cherrystone, and was attached by a loose tag of 
connective tisane to the Tight snprarenal. 

The acceasory enprarenal bodies may be found among the 
fihrea of the renal or solar plexus and in close relation to the 
semilnnar ganglia. It ia said that acceaaory suprarenal bodies 
may occur in the aabatance of the main organ, bnt it ia pro- 
bable that the Btructurea observed were adenomata or por- 
tions of a much convoluted suprarenal body cut in section. 
The presence of accessory suprarenal bodies in euch distant 
parts as the broad ligament of Uie uteras and along the 
course of the spermaticveBaelswaB pointed ontby Marchand,' 
and explained on embryoloeical grounds. J!.xaniples ol 
accessory adrenal bodies on the spermatic vessels near the 
inguinal canal are quoted by Sclimorl.' 

titructurally the larger accessory auprarenal bodies show a 
division into cortex and medulla, while in the smaller ones 
this is not the caee.'° In children the cells are not pigmented, 
while in adults pigment is present. 

BUPBABBNAI, " RbSTB." 

Instead of being in the loose connective tissue, accessory 
BUprarenal bodiea may be found embedded in the kidney or 
liver, and are then often spoken of as suprarenal " rests," 
Thevare more commonly recognised in the kidney than in 
the liver, though Schraorl records tour examples ol supra- 
renal "rests" occurring in the liver in 510 examinationB. In 
these four cases the "rests "were in the right lobe of the 
liver, This writer thinks it probable that the liver tissue sur- 
rounds the acceaaory suprarenal bodies, as in two of his four 
cases the right kidney was displaced, and the resistance to 
the grewth of tlie right lobe of the liver, normally due to the 
adjacent kidney, was absent, 

In the kidney suprarenal rests appear in two forms : (1) 
The commoner, small round masses embedded in the cortex, 
and often so extensively degenerated into fat, that they have 
been called "renal lipomata."" They resemble the dned-ap 
cysts not uncommonly seen on the cortex of the kidney. 
Like the suprarenal rests in the liver they may be multiple. 
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They occur in any part of the cortex of the kidney. Histo- 
logically they have been described as contorming in 

dinerent cases to the type of each ol the three zones 
in the cortex of the suprarenal eapsale, or even to the medulla. 
(2) Flattened plaques of suprarenal tissue, the medulla 
being represented as well as the cortex, nhich are placed 
partly inside, partly ootside, the capsule of the kidney. Dr. 
Newton Pitt'' has described this condition on both sides ; I 
have Been it on one side. This condition occurs in the upper 
part of the kidneys, where pressure is exerted by the liver and 
spleen. The pressure probably flattened out the accessory 
suprarenal bodies or rests, so that the difference in form of 
these two varieties is due to their respective positions. Just 
ae the more expanded condition of the right suprarenal body 
is explained by the fact that it is more tightly packed than 
the left, which is mnch more compact. In some animals the 
suprarenal body is round or oval, just as are the common 
accessory adrenals in man. 

Teb Hibioi-oqt of tbx Supbabknals. 

The Cortex —The cortex is usually described at consisting 
of an enter zone (the zona glomeralosa), lying internal to 
which are the zona fascicalata and the zona reticularis ; 
between the latter and the mednlla no hard and fast line can 
be drawn. The cells found in the cortex are large epithelial 
cells, which have been compared by Creighton" to the cells 
in the stratum granulosum of a Graafian follicle. Thecella 
in the outer part of the cortex are larger than those in the 
inner, the transition being a gradual one. The arrangement 
of the cells, especially in the zona glomeralosa, has suggested 
the Idea that there are capillary ducts between the cells, but 
nothing very definite can be made out. The radial arrange- 
ment of the cells in the cortex probably depends on tne 
septa, blood vessels, and lymphatics running inwards towards 
the medulla. 

The cells of the cortex very reodily become occupied with 
large globules of fat ; this ia so commonly met with in 
adults as to be considered normal. The presence of extensive 
fatty change and the much smaller relative size of the supra- 
renal capsnlea to the rest of the body in adult life make it 
probable that the function or functions discharged by tliem 
are more active in fcetal life. 

HisTOLoay. 

Ganglion cells are described as being sometimes seen ori 
the outside of the cortex, but are never present in the sab- 
stance of the cortex. In a section shown me by my friend 
l)r. Morley Fletcher there was a collection of ganglion cells 
inside the capsule of the organ. In the inner part of the 
cortex small vascular dilations may be seen between the 
cells." 

The cells in the innexmost layers of the zona reticularis 
are granular, and stain brown with chromic salts ; they re- 
semble thecella of themeduUa, and contain a varying amount 
of pigment. The presence of granules in the celle ia of 
interest, as they are posBtbly tM I ' »-- j-' 



secreted by the cells — a zymogen, analogous to that of 
seoretory glands, In negroes the cells ot the oortei are e ' * 
to be extensively pigmented. 

Oanalis" has observed indirect nadear division in the 
cortex of adnlt animals, and conclndee Irom this that tbe 
snpnLrenal bodies remain tanctionally active. By the kind- 
ness ot Dr. Hill, Master ol Downing College, Cambridge, I 
am allowed to mention his, as yet unpublished, opinion that 
irom active mitosis oocarring in the deeper layers ot the 
zona reticnlaris. it appears probable that the growth of the 
adult suprarenal capsole occurs in that situation, and that 
the cells pass outwards to form the cortex, and inwards to 
form the medulla. Gottachau'", however, believes that the 
cell formation goes on in the zona glomerulosa and outer part 
of the zona tascicolata, and that the destruction of cells 
which takes place in the zona reticularis and medulla pro- 
vides some substance of unknown function, which passes 
into the blood. 

The extreme frequency with which a fatty condition of the 
outer part ot the cortex is met with, makes it somewhat im- 
piobahle that these cells are responsible for the growth of 
the organ. These facts, together with the absence of karyo- 
kinesis from the medulla," make It highly probable that the 
suprarenal body grows from the zona reticularis. 

ThX MBDULL4, 

The medulla is not present in the whole of the'suprarenal 
body; at the expanded margins the cortex turns on itself, and 
there is no medulla. The cells of the medulla are of different 
forms ; some of them appear to be branched, but their out- 
lines are far from easy to make out. A rodded appearance ot 
the cells, like that seen in tlie convoluted tnbea of the kidney, 
has been described by Guamieri and Magini."* The cells of 
the medulla are granular, but in unstained sections examined 
by transmitted light the mednlla appears tighter than the 
cortex, owing to the latter being so extensively infiltrated 
with fat. 

When fresh the cells of the medulla stain brown with 
bichromate of potassinm. This reaction ia onlv obtained 
soon att«r death ; it becomes less marked as the interval 
increases, until, twelve hours after death, it is completely 
lost. Stilling" describes these cells as chromophile, and in 
animals he Unds them in the sympathetic and intercarotid 
glandaswell as fn the suprarenal body. These cells stain blue 
with persulphate of iron. 

The brown reaction with chromic salts of the cells of the 
medulla has long been known ; it appears to have been first 
pointed out by Henle. Creighton'" sa^^s that this coloration 
affects the nualei and also the blood in the lacunar spaces 
between the cells of the medulla, wlille recently Manasse^' 
has noticed in suprarenal bodies hardened in MilUei's fluid 
homogeneous, brown material in the veins, which he traced 
to its origin in the cells of the medulla. These appearances 

" Inlemalional Uanatgektdt-Kraitie,' vol. Iv, lasB, 
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could not be made out in speoimenB hardened in spirit, an 
spirit dissolves this " hyaline " material. Auld'^ regards the 
medulla aa a tabnlo-alveolar gland, and describes colloid 
matter as being present in its acini at rare intervals. If these 
acini are inreslityblood spaces, tliecolloid material described 
by him, and tbe hyaline casts of Manasse, would appeu to 
con-espond to each other. 

Goarnieri and Magini describe cylindrical bodies with a 
retractile index between, or more often inside, tbe cells ol the 
mednlla, which do not appear to be fat, and which may be 
the same ae the bodies described by A.uld and Manasse. 

The cells of the medulla do not become so readilv inflU 
trated with fat as those of the cortex, but they certainly do 
to a minor de^e, though Alexander considers that very pos- 
sibly the particles are not tat, but something else. 

Virchow describes a pink coloration of the medulla on 
adding a solution of iodine, which disappeared on adding 
sulphuric acid. C. Alexander'^ describes a similar reaction 
in the zona glomerulosa, which is not affected by the further 
addition of sulphuric acid. 

Orth refers to a green coloration of the medulla on adding 
a solution otperchloride of iron as a sign of chtomogen in the 
cells of the medulla. 

Much discussion has taken place as to the existence of 

Snglion cells in the medulla. The varying appearance of 
e cells in the mednlla offer considerable opportunities to 
the imagination. These are alt transitions between typical 
epithelial cells and cells which, if met with elsewhere, would 
be described as ganglion cells. Leydig and Luschka con- 
sidered the cells of the medulla to be nerve cells. Virchow 
and most writers describe ganglion cells as being present. 
Anld describes ganglion cells and modified gangQon cells. 
Holm" has described large cells with large nuclei, which 
he calls " doubtful ganglion cells " ; they are, however, pro- 
bably the groups of epithelial cells found surrounding grey 
nerve fibres described by Guamieri and Magini."' 

Atexais and Aroand,^' and Guamieri and Magini," deny 
the existence of any nerve cells in the medulla. 

Probably there are some few ganglion cells in connection 
with the nuoterouB grey nerve fibres present in the medulla, 
which form a network, and have in places groups of epithelial 
cells surrounding them; in their description of these non- 
medullated nerve fibres Guamieri and Magini say they have 
never been able to find their termination. Fusari," using 
Golgi's eitver nitrate method, has found a delicate fibrillar 
termination of the nerve fibres between the cells. 

The medulla contains a reticulum of connective tissue, In 
which lie epithelial cells and blood ainusea with thin walla, 
which receive tbe blood from the arterioles of the cortex, and 
eventually open into the central vein. Tlie vessels of the 
suprarenal capsules, with the exception of the central vein, 
have thin walls composed of little more than endothelium. 
Lymphatic vessels have been described between the cells. 

" BHiTiaH MKDiCit JooBNii,, OctobBr 8th, 18fl4. 
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o the lotaea of the \ 
eecKtion, brown hyaline matter. 

Wliat IB the BigutScancp of these appearances ? MocMann" 
has pat forward the view that the tunotion of the euprarenal 
bodies is to remove effete blood pigment from the circnla' 
tion. Delepine,'" in hd article on the normal storage of iron 
in the liver, aaya that from the deBtrnction of red blood cor- 
puscles in varions parts of the bodf a solable albnminons 
lerraginoas substance results, and la carried to the liver, 
where this componad la decomposed and iron stored up tor 
a time in the peripheral part of the lobnles of the liver. 
From the point of view that a katabollBm of blood pigment 
does occur in the medulla of the suprarenal, it ia possible 
that the material di'scribed by ManaHse is the alb<iminoa8 
feiTUginons componnd described by Del^pine. But. as will 
be SMiD later, there It no proo' that deatructinn of red blood 
corpuBoles, or metabolism of effete blood pigment, does oooar 
in the soprarenal.bodieB. 



BBI.ATION o 



D MbdtjijxA to Each Othbb. 



auprarenaf body are generally eonsidered not to have the 
same relation to each other as they have in a lymphatic 
eland, but to be dlBtinct in origin, structure, and function. 
The cortex is regarded as being glandular or haematopoietic, 
and the medulla as being nervous and connected with the 
sympathetic. This view—held by KOUiker — is the one 
expresBed in the standard textbook of Physiology by Poater." 

From an embryologipal standpoint Balfour and MitBUkari" 
have ahowu the medulla to be connected with the sympa- 
thetic, and the cortex to be derived from the mesoblast. 
Weldon'' considers the suprarenal cortex to be derived from 
the Wolffian bodies, and that it secondarily encloses blood 
vessels and nerves to form the medulla. 

Mitsnknri lays stress on the presence of nodalea in the 
medulla, which he regards as the remains of the sympathetio 
rudiment of the medulla. Minot" is unable to recognise 
their presence before the second month or after the seventh 
month of intrauterine life. These nodales disappear, so that 
even if the medulla is embryologically connected with an In- 
growth of the sympathetic the sympathetic rudiment does 
not persist, and the medulla as well as the cortex is formed 
eventually from the, inter-renal body (mesoblastic) described 
by Balfour. 

In connection with the view" that the adrenal bodies are 
derived from the germ epithelium, the obaervationa ol 
Creighton^° are interesting. In the cortex of the horse and 
of the dog he occasionally found tubes resembling the aborted 
Graafian follicles of the ovary ; he therefore divides the 

" BaiTiSH Mbdicai, Johbhai., Febniuy tth, ISHii. 

'"PmiWMffner, law, p. tJ. 

•1 Foster, Phyiiot03)i, Book li, p. 766, 188B. 

X QHOrlerlv >Ji>urR. Micrmcop. Beiaice, rol. iiiJ. 1M3. p. 17. 
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» Human Embryolom, p. 1§7. 
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snprarenal body into two parta— these tabea in the cortei, 
and the remainder (which conEists of ordmary medalta and 
tnoBt of the oortex). These tubes degenerate and paas into 
the ordinaiy cortex — in the horse fading into the 7ona fasci- 
cnlata, in the dog into the zona giomeralosa. These tabes 
correspond to the follicles in the cortex ol the ovary, while 
the remainder corresponds to the stratam eranaloanm in the 
corpora Intea and to the interstitial cella ol the ovary. 

The distinction between the cortex and medulla of ordinary 
anatomT Creighton considers quite arbitrary, as there is no 
real difference between their constituent cells. The central 
part or mednlla is only more spongy than the rest. Arnold" 
considers the difference between the cortex and medulla as 
being due to modifications in the arrangements of the 
interstitial supporting tissue and of the blood vessels, and 
draws attention to groups of cells near the central vein which 
closely resemble the zona glomernlosa. 

At the sixth month" of intrauterine life there is no dif- 
ference between the cortex and the medulla, if the STmpa> 
thetio nodules which are about to disappear be excluded, 
and on the microscopic examination of tne adult organ the 
transition in seen to be very gradual. 

From these considerations I should be inclined to regard 
the suprarenal as a f nnctlonal whole, the mednlla and cortex 

Serforming the same work, though possibly in unequal 
egrees, since the cortex very commonly undergoes con- 
siderable fatty change. This speculation, based on anatomi- 
cal grounds, receives strong support from the observation 
that the medulla alone provides an active extract." The 
oharacteT of the epithelial cells would quite support the view 
that the function of the supiarenals is the elaboration of 
some secretion, which, like that of the thyroid gland, is car- 
ried off by the lymphatics or veins for some use in the 
economy. 

Vabious Mo&bis Conditions of thb Bupkabekal Bombs. 

Although the sketch of the physiologr of the suprarenal 
bodies would naturally come after their histology, it is more 
convenient to refer to the chief lesions of morbid anatomy 
affecting them before considering the functions of the supra- 
renal bodies, since that subject was s» closely connected with 
the explanation of Addison s disease. 

AiaoPHT. 
How often atrophy ol the suprarenal capsules occurs does 
not seem to have oeen investigated, and its presence is only 
recorded when there were indications of Addison's disease 
during life. The suprarenal capsules normally diminish in nize 
in advanced lile. In an examinati'in of the or^ians in 1 050 
poet mortam I found them small in 6 cases under the aue of 
45 ; in 3 both were small, and there were no signs suggesting 
Addison's diseas" : in 1 casf thtre w«s caseation in the right 
and atrophy of the left without any symptoms ; and in leases 
of phthisis, where there was slight pigmentation, the supra- 
renal bodies were small. I have never seen the extreme 
degree of atrophy described in some cases of Addison's dis- 
ease in which the organs were reduced to the size of peas.'" 

'' VirduHifi Anhiv. Bd. nxr. B. M. 

n ObserYfttlon by Dr. A, Htll, notpubllslied. 
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Hauobbhaob into the Scpbabbnal Capsules. 

A& the resalt of severe iujnries, snch as Iracture ol the 
Bpine or mptaTe of the liver and spteeo, blood is often poured 
oat around the suprarenal bodiee. Hsemorrhage into the 
snprarenal bodies ia not intreqaently met with under theao 
conditions ; the extravasation is almost always into the 
medulla. 

As the result of traumatism during birth haemorrbages 
frequently occur ioto the suprarenal capsules. On an exami- 
nation of 130 atilibom children Dr. H. Spencer" found ei- 
travasationB into these organs in 26; in 2 of these the btemor' 
ihage occuned in the cortex, in the remaining 24 it was into 
the medulla, and in half the cases it was bilateral ; in 3 cases 
the hemorrhage had ruptured the capsule. These hramor- 
rhages occurred more often in difficult labours, and were 
more frequently met with in pelvic than in cephalic presen- 
tations. 

The question as to what changes take place in the supra- 
renal capsules as a result of such extravasations, if tbe child 
lives, is an interesting one. Wainwriglit'- has recorded the 
le of a child 2 months old in wbont the suprarenal bodies 
showed clianges which were probably due to imperfect 
absorption and organisation of olood extravasated into the 
mednlla. It is possible that organisation of extravasated 
blood might finally result in the cirrhotic atrophy of the 
adrenals, ivhioh, when bilateral, has been associated with 
the symptoms ol Addison's disease. Unilateral atrophy 
with a fibrous increase, which is sometimes met with acci- 
dentally, could thus he explained by a former unilateral 
hiemorrhage. 

Speaking on visceral luemorrhages in stillborn children, 
Mr. Borau" said that potaibly sarcoma in infancy might 
sometimes develop in association with these haimorrhages. 

Apart from traumatism hiemorrbage into the medulla 
of the suprarenal capsules has been recorded in a variety of 
conditions, in which tbe most common factor is venous con- 
gestion. In a few cases haemorrhage has been associated 
with definite symptoms, such as pain in the back, or even 
with those of Addison's diBease. 

Cloudy Swelling, 
Softening and cloudy swelling of the suprarenal capanles 
occur in febrile conditions, and it is noteworthy that the 
spleen and the adrenal bodies show very similar changes 
under these conditions. The mednlla appears sodden and 
blood-stained, and microscopical I j^ small extravasations may 
be found in the cortex. The eoftening often leads to a separa- 
tion between the cortex and tbe medulla, and thns produces 
an apparent cavity. This ancient observation finds a per- 
manent record in the term " capsule." 
In pyaimia small vascular streaks in the cortex, or more 
rely minute abscesses, due to embolism, may Oi 

' lly in guinea-pigs, Lant,_._, 
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Baprarenal bodies. Swc^lling and congesLion have Gimilarly 
been observed in aniraale inoculated with KlebaLoeffler 
batilluB and otlier Bpeeiflc m' 



Fatty Change. 
Fatty change is bo commonly met with in the suprarenal 
bodies of adults as to be generally considered a normal 
condition, while in young children these organs have hitherto 
been thought to be free from tat. The fat occnre as large 
globules in the cells. This change may be present tbrougn- 
ont the whole of the cortes, or be best marked in the 
zona tascianlata. The medulla is occasionally seen to be 
occupied by fat, but never to the same extent as the cortex. 
Attlee," in a paper as yet unpublished, has recorded the 
results of the examination of the suprarenal bodies in 
infants. 




Supru'enal body Btalned with oimlc acid Bbonlng extensive bttf 
"' "".raomlo infant. Ijiw power. 

c infants the suprarenal bodies were found to 

__ jxtremety fatty (Fig. 3), and to have undergone this 
change more constantly than the liver. Thus in nine cases 
the cortex showed fatty change in all, and in six of them the 
medulla was also affected, while in eight of these cases in 
which the liver was examined it was found to be affected in 
four and normal in the other four. 

In stillborn children, on the other hand ' 
found to be veiy moderate in degree 



I! Act lor M.D.Cam bridle, fr 



's HoapTi 



with that seen in maraamie children, while In children dying 
from diseases other than maraemas latty change was foaud, 
but not to the same extent as in that condition. As far as 
my observationg go, they agree with these results. (I am in- 
debted to Dr. AttleeforFigs.2aDd3). 

Expeiimentslly, Attlee found that in yonng rabbits in which 
the anprarenal bodies normally are free from fat, starvation 

Save nse to marked fatty changes in these organs, and that 
ere, aa in marasmic infants, the liver might escape. Marti' 
notti " made the cnrioos observation that Btarving guinea- 
pigs tor three or four days increased the normal amount of 
karyokinesis in the cortex. In adult rabbits the suprarenal 
capsule may normally show considerable fatty change, but 
starving, extensive suppuration, and poiBoning, whether 





acute or chronic, appeared to give rise to marked fatiyehange. 
With regard to these changes two questions urise (li w>iat; is 
the nature of the i-hangf, and i2i wriat i- ti>e signiafanct- o( 
its occorrenie ? Is t'le chani^e to be coni-idered aa a sii rnge 
of tat of the sume kind as the fa'ty iuflUration in the liver, 
or is it ti> be regardfd as a degcnerabinn of the cell proto- 
plasm, due to the action of some poison convcj'ed to the 
suprarenal body by the blood ? 

The large size of the fatty globules, the distribution of the 
fat in the cortex, which, since this area receives the blood 
first from the bianchea of the suprarenal arteries, may be 
"Arehiv. Ilai, 'ie Bfolog,, itH, p. »H. 



thought to be analogous to fatty Infiltration of the liver, and 
the frequent aaeooiation of fatty infiltration in the liver and 
sabcataneona tiBanea (obeaity) points rather to ita being a 
storage or infiltration of fat. The occarrence after experi- 
mental poisoning and in marasmnB, on the other hand, woatd 
favour the view that it ia a degenerative change. Since It is 
difficult, perhaps nnimportant, to decide as to its nature, it 
is perhaps beat to describe it as a fatty change. As to the 
significance of the change, its presence accords with the 
recent observation that the cortex does not yield the active 
principle" of the enprarenat extract, and that rela- 
tively the suprarenal bodies are far more active in early life 
than afterwards. 

After removal of one suprarenal body in young animals, 
Stilling" noticed that the remaining one hypertrophied ; 
while so doing fat disappeared from the cortex for a time but 
returned after some weeks. Fatty change, thongh it may be 
a result of morbid processes elsewhere, cannot be said to 
give rise to any symptoms on its own account. It is interest- 
ing to note that while atrophy of theae organa may be asso- 
ciated with symptoms of Addison's disease, fatty change has 
BO such canaal lelatioo. 
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When attacked by lardaceous disease the 'suprarenal cap- 
sules appear but slightly increased in size, and have a some- 
what translucent appearance on section. On applying the 
iodine test the cortex becomes a dark brown, while the me- 
dulla remains of a grey or greyish yellow. The appearance 
thus presented ia the reverse of that seen in health. The 
suprarenal bodiea are among the organs which undergo the 
lardaceous change comparatively frequently. In fifteen cases 
of well-marked lardaceous disease I found the suprarenal cap- 
sules affected in eight ; in three of the cases it was slight, so 
that microscopic examination was necessary to determine 
its presence. 

According to Comil and Eanvier" it is rare, and only 
attacks the vessels of the medulla. In my cases, however, it 
was always best marked in the vessels running vertically 
through the cortex ; and, though it may be present in the 
medulla, it is always less marked there than in the cortex. 
Orth" describee the lardaceous change as occurring chiefly in 
the region of the zona f aaciculata, 

Ctsts. 

Cysts in the suprarenal bod^ are very rare ; the occurrence 
of ecchinocoocns may be mentioned," and cysta the result of 
former hiemorrhagea have been met with, I have seen a 
cyst the aize of a cherry containing tenacious fluid. Virchow 
has suggested that cyata may be formed by a softening down 
of adenomata ol the suprarenal capaules, In primary sar- 
comata of the suprarenal bodies cysts frequently occur. 
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TUBKKCLK. 

In genenl tnbercnloaia a lew scattered miliary tnbercles 
are occasionally seen in the cortex. In chronic tabercniosis 
the inflammatoiy procees beKina in the medulla. la the 
eoily eta^ee, before caseation has occoired, the infiommatory 
giannlation tiasne has a firm speckled appearance, and 
microHcopically contains nnmerons vessels. Caseatioti. 
soltening, or calcareons infiltration, may all follow as in other 
tnbercaloas formations, bnt it is highly improbable that 
caseooB material is ever absorbed or disappears. Tubercle is 
freqaentl; fonnd without any signs or symptoms having been 
present. In i,l&} pont-morlems in which 1 have examined the 
condition of the suprarenal bodies, there were 131 cases in 
which death was directly or chiefly due to tubercnlons 
disease, and in 18 of these cases there was caseation in the 
suprarenal capsntea, without there being any evidence of 
Addison's disease. In U instances the caseation was uni- 
lateral, and in 7 bilateral. 

In the decennial periods it ia noteworthy that in the 23 
cases in which death occurred under 10 years of age, no 
tnbercle was fonnd in the suprarenal bodies, while out of 17 
cases in the period between 10 and 20 years of age caseation 
occurred twice on both sides and three times nnitaterally. 
In the third period the proportion of caseoue enprarenal 
bodies falls, bnt rises again in the 10 years between 30 and W 
to 6 ont of 23 ; in .1 of these the lesion was bilateral. 

There appears, therefore, to be immunity from tubercnlous 
inflammation in the first tew years of life in the case of the 
suprarenal bodies : 
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Hyvbius. 
Gnmmata are occasionally found in the suprarenal bodies. 
I have seen one case in which there were mnltiple small 
gnmmata in the cortex. In one case of congenital syphilis 
Kindly given me by Dr. J. W, Carr, I found a small gumma 
in the medulla of the suprarenal body. 

ACTIKOMTCOSIS. 

Extension of an actinomycotic abscess from the right lobe 
ol the liver into the right adrenal body has been recorded. " 

SiNFLK Tduodbs. 
Adenomata may be of two kinds, of which the first is much 
the commonest : (1) Maltlple small yellowish nodules, situ- 
ated on the cortex of the organ; they are not marked oflT by 
any capsule from the surroundinz tissue, bnt differ from it 
in neing the seat of very advanced fatty change. In other 
respects, the cells composing them are like the cells of the 
~~ '" K»nthick. Pacn. 




BopTarenal cortex. They are aometimea mistaken [or 
tnberclea tmdergoiiie caseation ; in this connection it is 
welt to remember tliBt cbronic labeicnlosis b^ina in tbe 
medolla. Viichow described adenomata of the medalla ae 
gljomata, takinz the view that the interstitial tiesne of the 
medalia was alcin to neoroglia. Manasee" has described 
giant cells in adenomata : I have never met with this appear- 
ance. (2) Large adenomata are almost always found eingk-in 
the BDprarenftT capijule, thongh they may be bilateral. They 
do not involve the whole of the organ, bnt form distinctly 
localised tnmonre, which may attain a ver^ considerable 
size. They arise as a mle in the cort«x. either froin one 
or from more of its zones, and project nsnally from one side, 
tbongb the whole thickness of the organ may be affected. 
Tbey are a magnified edition of the small mnltiple anpia- 
reoal adenomata. Small ones may be present with them In 
same organ. 

Tbe cells contain a large amount of fat,.and this accoonte 
for the pale yellow colour ol the adenomata. They may be 
distingnished from sarcomata by the absence of extravasa- 
tion into their substance, and by their microscopic structure. 
Occasionally tbe fatty change is so advanced that tbey appear 
softened or necrosed. Commonly they have no more support- 
ing fibrous tisane than tlie rest of the organ, but in other 
cases the quantity of flbrons tissue is much in excess, so that 
the term finro-adenoma maybe used. I have seen an example 
of this variety in which the cells did not show any fatty 
change, and in which hyaline degeneration of the vessels, 
whicli were numerous, was well marked. 

Virchow described thtm under the nnnie of struma lipo- 
matosa suprarenalis ; and recently from analogy they have 

been termed adrenal goitres, tliouch if ' "■ "■-' "--' 

a name of such purely local applicai 
applied to a tumour in the abdomen. 

tiaprarenal " rests " taking on adenomatous growth in the 
kidney are, according to Horn.'" responsible lor some of the 
tumours which have been called adenoma of the kidney. 

Tbe existence of adenomata or bj^perplastic tumours of 
tbe suprarenal bodies suggests the interesting speculation 
whether any symptoms can be correlated with this condition. 
Addison's disease and myxcedema have some analogies. Ex- 
oplitlialmie goitre is apparently due to altered structure and 
secretion ol the thyroid gland. Is there any disease analogous 
to Graves's disease connected with the adrenals ? The absence 
of any symptoniB in association with adenoma or hyperplasia 
of the suprarenal bodies may be due to the fact that they 
nearly always show extreme fatly change, and eo cannot be 
functionally active. Scbaier and Oliver''^ have quite recently 
shown that the cortex docs not yield the active principle of 
BUprareiinl extract ; hence hyperplasia of the cortex would 
not lead to any modification of the suprarenal secretion. 
A specimen of ganglionated neuroma has been described." 
Dr. Payne" has recorded a case of angeioma of the 
tnprarenni capsule; there were similar growths in the 
~*Tariea and many in the liver. 

>» Vtr,:l.a>a'i Archie, Btl. 133, p. 301. 

" iVoc. Ph]/». Soc, ksjKb IB, 18BS. 

M Vtrchnvi'ii Anhip, Ixxn, p. tM, 1881, Weluhaelbanni. 

" Path, Trant., xx, p. ma, Bt, Saxfe Hospital Museum, lOM. 
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PniMAltT M 

Both carcinoma and sareoma b! the supTarenal capsules 
have been described, but generally the histological etmctnie 
seems to be a vascular rather large-celled sareoma. In some 
cases both organs have been the seat of primary malignant 
growths, The growth starting in the suprarenal body ex- 
pands it, and may grow down the suprarenal vein or into the 
inferior vena cava. 

By direct continuity the growth often invades the npper 

fiart of the kidney and, on the right side, the correspondmg 
obe of the liver. In some cases the growth may involve the 
pelvis of the liiduey and give rise to hiematiiria. When the 
growth is extensive and invades the whole of the kidney, it 
is necessarily very difficult to say whether it began in the 
suprarenal or in the kidney. Secondary growths occur in 
the liver most frequently, but also in the lungs, kidneys, 
bones,'" and skin. 

Dr. Bickinson'" mentions that in a case of sarcoma of the 
enprarenal bodj*, the colon did not form an anterior relation 
of the tumonr, as is the case in renal tumours ; and since 
reading this 1 have seen two cases in which the tumonr ap- 

S eared above the colon, which was somewhat displaced 
ownwards. The soft vascular growths have a tendency to 
necrose, and so to become excavated into hasmorrhagie cysts ; 
a specimen of a cystic sarcoma as large as a cricket ball is in 
the London Hofpital Museum. 

In yotmg childreD excessive development of liair and of the 
genital organs has been noted in connection with suprarenal 
sarcoma. In 1, OK post-mortem examinations there were three 
cases of primary malignant growth in the saprarenal capsules. 
In two cases the growth was a sarcoma ; in one the cells were 
large and round, the other was spindle-celled ; the ronnd- 
celTed growth was extremely vascnlat. The third case was a 
spheroidal-celled carcinoma. 

H. Morris and Button speak of tumours of the suprarenal 
bodies which give rise to secondary growths as being 
analogous to those rare and interestmg cases of broncho- 
eele,°° which prodnee secondary growths in bone and else- 
where. Morris"' described the growth in one of these cases 
as being composed of tissue like that on ihe medulla of the 
suprarenal body. It seems difficult to distinguish between 
such a tumonr and a vascnlar large round-celled sarcoma. 

Sutton"'' described an adenoma of the suprarenal body in a 
marmot giving rise to numerous secondary nodnles on the 
liver, which on section presented a curious mottled appear- 
ance, and also to a single nodule in the spleen. Histologically 
the growth resembled suprarenal cortex, and \raa therefore 
not considered malignant. Abnormally low bodily tempera- 
ture has been noticed in primary suprarenal sarcoma,'" but 
the temperature in a rapidly growing sarcoma from the right 
suprarenal body"' in a coloured girl aged 8 was on an average 
100°. 

n (Bbitlsh Medical 
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Examples of renal sarcoma arising in suprarenal ''rests" 
have been described. Not only is their structure much like 
that of primary suprarenal sarcoma, but they show a similar 
tendency to the formation of hsemorrhagic cysts and to 
undergo necrosis. Lubarsch^* has found glycogen in eight 
cases, and regards this as indicating their embryonic origin. 
Schmorl®® suggests that some of the primary neoplasms of 
the liver may similarly be due to proliferating changes in a 
suprarenal *' rest." Such a theory would explain some 
aberrant sarcomata, apparently primary, in the liver, such as 
one I have lately seen with hsemorrhagic cysts inside it. 

Sbcondaby Growths in thb Sufbabbnal Bodies. 

In 1,050 post-mortem examinations carcinoma of various 
parts of the body occurred 63 times, and in 7 of these the 
suprarenal bodies contained secondary growths. 

There were 24 cases of sarcoma, and of these only 2 cases 
showed metastatic growths in the suprarenal bodies. The 
occasional association of primary sarcoma^"^ at the root of 
the lung and secondary growths in the suprarenal bodies is 
possibly explained by there being a connection through the 
thoracic duct. 

Norman Moore,®® in 123 cases of new growth (102 carcinoma, 
21 sarcoma) found secondary growths in the suprarenal bodies 
in 8. Three of these were carcinoma, 3 sarcoma, and 2 are de- 
scribed as endothelioma, the primary growth being in both 
cases in the heart. 

65 Virchow's Arch., cxxxv, p. 149. 

6« Beitr. Ziegler., vol vi, 1889, p. 528. 

^ Hale White and F. C Turner, Path. Tram. , xxxvi. 

<^** Medical Pathology, p. 855. 
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LECTURE 11. 

Phtkologt aw ths 8ufb.amkkai« Bom 
Ow the sttpfarenal capenles it maj be said that there can be 



DO satiBfaetoiy pathology until their phynolo^ is known. 
Addiion himsrli ezprpssed no more definite view than that 
the raprarenal bodies miniflter in someway to the elaboraticm 
d the bloody and that the interruption of their fonetional 
actiTity, caused by their destmction, was responsible for the 
symptoms described by him. Brown-8^iiaid, stimulated by 
ttie pathological researches of Addison, investigated the 
physiology of the suprarenal capsules in dogs, cats, rabbits, 
and guinea-pigs, by remoring them and noting the results. 
From a series of sixty experiments on animals he came to 
the following conclusions : 

1. That the suprarenal capsules are absolutely essential to 
life. 

2. That suppression of their functions is more rapidly fatal 
than suppression of the secretion of urine. When both 
suprarenal bodies were removed the animal lived about eleven 
hours ; when one only was removed the animal died after 
seventeen hours. 

3. That the function of the suprarenal bodies was to modify 
or to destrov a substance which had the property of trans- 
forming itself into pigment. When the suprarenal capsules 
are removed or destroyed the pigment collects in the blood, 
but there is no pigmentation of the skin. 

4. That in an animal from whom the suprarenal capsules 
have been removed the blood becomes poisonous, and when 
injected into other animals of the same species often pro- 
duces death. 

Dominicis ^ <][uite recently has found removal of the supra- 
renal capsules invariably fatal in a very few hours. Gratiolet* 
repeatea Brown- S^quard's experiments; he often removed the 
left suprarenal capsule in guinea-pigs without any serious 
symptoms resulting, but the additional removal of the right 
one was fatal in three days, and since peritonitis and hepatitis 
were present, the fatal result was thus explained by him. 

Phuippeaux ^ removed both the suprarenal capsules from 
rats without producing any symptoms, and therefore con- 
sidered that oeath, when it follows this experiment, is due 
to lesions of other organs. Tizzoni* criticises these results, 
and considers that a suflScient time was not allowed to elapse 
after the operation, and that because the animals did not die 
soon after the removal of the suprarenal capsules it was too 
hurriedly assumed that they had recovered. 

1 Archiv. de Phya., 1894. 

2 Compt. Bend.t tome xliv. 

3 Compt. Rend.^ tome xliv. 
* Ziegler'8 BeUroLgCt 1889, p. 6. 
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Greorge Harley* camp to the conclusion that the supra- 
renals are not absolutely necessary to life ; that when death 
follows their removal it is in most cases due to injury to 
neighbouring tissues, chiefly the sympathetic, and that from 
the closer relation in the animals experimented on of the 
right suprarenal to the semilunar ganglion that the removal 
of the right suprarenal is more likely to lead to a fatal 
termination than that of the left. He successfully removed 
both suprarenals from rats which survived the operation 
without ill effects for months.® 

Schiff, Nothnagel J Martin- Magron, Ghatelain,^ and recently 
Pal ' and Berdach,^^ obtained results in favour of the view 
that the suprarenal bodies were not necessary to life. In a 
later paper Brown-S6quard expressed himself as convinced of 
the correctness of his views, and further stated that the results 
of removal could not be explained by any concomitant lesions 
such as peritonitis, hepatitis, damage to kidneys, renal veins, 
inferior vena cava or sympathetic. 

In addition to Tizzoni's criticism that the animals operated 
on were not kept under observation sufficiently long, and 
that when they died, two or three months after removal of 
the suprarenal, their death was ascribed to accidental causes, 
while in reality it might have been due to the effects of the 
operation, there is a further and quite justifiable objection to 
negative results of experimental ablation of the suprarenal 
booies. This objection is that even when both suprarenal 
bodies have been completely removed the presence of acces- 
sory suprarenal bodies in various situations mentioned above 
may compensate for the removal of the normal glands. 
Stilling has shown that under such conditions the accessory 
adrenaus may undergo a compensatory hyx)ertrophy. The 
role thus played by accessory suprarenal bodies is analogous 
to that plaved by accessory thyroid glands on remo^ 
of the whole of the thyroid gland either for gottre or 
experimentally. Alexander points out that, owing to the 
very close connection of the right suprarenal capsule with 
the inferior vena cava it is not improbable that fragments of 
it might be left behind, and by compensatory hypertrophy 
might prevent the development of symptoms due to oom- 
plete removal. 

Though far from being unanimous, the majority of investi- 
gators inclined towards the view that the function of the supra- 
renal bodies was unknown or, at least, unimportant. At the 
same time the opinion was gradually gaining ground that 
the symptoms of Addison's disease were not due so much to 
destruction of the suprarenal capsules as to irritation of the 
sympathetic trunks and ganglia around them. Probably as a 
result of the nervous theory of Addison's disease, expressed, 
among others, by Dr. Greenhow," the subject of the function 
of the suprarenal capsules became for a time neglected. 

MacMunn,^^ by means of spectroscopic examination, found 
a histohsematin in the cortex and free hsemochromogen in 
the medulla of the suprarenal capsules. Hsemochromogen, 

* British and Foreign Medico-Chirurgieal Review, 1858, vol. xxi, p. 204. 

^ Vide University College Maseum, 3415. 

» ZeiLf. klin. Med., 1880. 

s Qaoted by Brault, TraiU de Mid., vol. v, p. 891. 

9 Sem, M€d, November 3rd, 1894. 

w Wiener med. Woch., No. 31, 1894. 

11 Croonian Lectures, p. 68. 

" PkiL TroiM., 1886, part i ; British Medical Journal, February 4th, 1888. 
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the writer considers, is an exaretoiy stage in the history of 
of blood pigment, and is probably formed hy a. downward 
metabolism from haemoglobin and histobfematinB. He pnt 
forward tbe bypotheBia that the tunotion of the eaprareaalB 
ia to pick ont ol the circulation the effete or worn-out pig- 
ments of the blood and their accompanying proteids. He 
further atated that when theae pigment- raetabolifiing organa 
are dieeaeed there should be present in the urine incom- 
pletely metabolised pigments. This be found in a body he 
called arobasmatoporphyrin, 

Fo^ and Pellacani'' found injection of aqueous and alco- 
holic extracts of suprarenal bodies fatal to frogs, rabhita, and 
doga. AlEvzandei" believed that in the preparation of theae 
extracts artificial poisons were produced. SeuSfer and OUver'*, 
bv injection of large quantities (equal to 50 graina of tbe 
gland) of aqueous enprarenal extract, prodaced death In rab- 
bits in twenty-four hours. 

The poisonous body has been thought tobeneurine, which, 
being continually formed by the activity of tiie muscular 
and nervous systems, is eliminated or destroyed by tbe 
suprarenal bodies (Marino Hucco,'" Carbone"); it ia said to 
have been found in urine of Addison's disease.'" 

It wna suggested that tbe toxic effects were due not ho 
much to neunne aa to combinations of phosphoric acids with 
that base (Marino Zucco'"), the toiic properties of the extract 
being destroyed by the addition of hydrochloric acid, which 
broke op the phosphate of neurine. 

Oliver and SchKfer showed that the symptoms oi toxio 
doses of suprarenal extract do not correspond to those of 
nenrine, and that the phosphate and hydrochlorate of nenrine 
have the same effect aa tbe base. Bupino'^° repeated Marino 
Zncco's experiments with a negative result as regarda 



What the active principle of the extract of the suprarenal 
bodies may be is at present not established. Bodies such aa 
leucin (Virchow), lecithin," tanrociiolic and hippuric acid 
(Vulpian and Closz), and benzoic acid have been extracted 
from the auprarenal capaulea, but there ia nothing to show 
that the effects of injection of suprarenal juiee are due to any 
ol them, or that they have been picked out of the circulation, 
and are in process of being removed by the instrumentality 
of the snprarenal bodies. 

Mr. Moore"' has found that the active principle of aupra- 
renal extract is not a proteld or a carbohydrate. It ia not 
affected by acids or by boiling for some minutea, hut ia de- 
stroyed by alkalies, n^ducing agents, and by continued boiling. 
It dialyses and it has a powerful reducing action. It has not 
been isolated ; its properties resemble ttiose of a reducing 
agent found in 1856 by Vulpiaa in the medulla of the aupra- 
renal bodies. 

Aa leucin is a product of downward metabolism ol proteids. 
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its occurrence in extncls of the t^uprnrenal bodies ia probably 
explained as the result ol decompoBitiontakingplace. Leucin 
la not poisonous. SabcntaneouB injections of increasing 
(jnantities of leucin into animals have been described as giv- 
ing rise to nephritis^' and albuminuria, These results do 
not follow removal oE the suprarenal bodies or the injection 
ofsoprareTtal extract, and since leucin ie normally tTansformed 
by the liver into urea, there la no reason to believe that 
leucin has anything to do with the suprarenal bodies. 

Lecithin is found in most parts of the body ; in itaelt it haa 
no toxic efiecta, but it may be changed into choline." which 
haa poisonoue properties like those of neorine. The efieets 
of neuxine and of extract oC suprarenal capanles have been 
shown by Schiifer and Oliver to be different: hence as the 
propertiea of neorine and choline are alike," it may be con- 
eluded that the presence of choline or lecithin cannot explain 
the activity of suprarenal extract, or an accumulation of 
these bodies in the blood account tor the toxic symptoms 
resulting after removal of the suprarenal capsules. 

In the same way benzoic, hippuric, and taurocholic acids 
cannot be held to be teaponaible for the active propertiea of 
anprarenal extract, or, on the hypothesis that they a 
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Tizzoni,'" in experimental removal of tbe auprarenal cap- 
sules in rabbits, obtained remarkable resalts, which are the 
same whether one or both organs are removed or whether one 
ie first lemoved and later the other. It makes no difference 
if the crushed auprarenal capsule ia left to be absorbed in the 
body. Leaving the crushed suprarenal capsule in the body 
does not lead to any symptoms of auto-intoxication, as might 
have been expected if the suprarenal capsules excreted any 
poiaon from tbe body. 

Death occurs either shortly after the operation or after a 
long interval — 130 to 997 daya— the aymptoma being much 
alike in either caae, but after the prolonged interval the sym- 

Rtoms resembled those of Addison's disease more than in the 
)rmer caae. It ia intereating to compare these reanlta with 
tbe acute and chronic myxcedema''' produced by experimental 
thyroidectomy in monkeys. Tizzoni says that tbe function 
of the suprarenal bodies is not taken on by any other organ, 
aa was anggeated by Brown-S^quard— a hypotheaia which 
PhUippeaax bad previously impugned by removing in the 
aame animal tbe thyroid, spleen, and suprarenal bodies with- 
out fatal reaulta. 

In animals which died soon after tbe removal of one or both 
anprarenal bodies a progressive emaciation, with no definite 
cauae to account for it, was noted ; death came comparatively 
suddenly, being preceded by depreaeion, lowered tempera- 
ture, and convulsions. On the other hand, in animals who 
died at a time remote from the operation their condition 
remained normal for a considerable period ; some time before 
death loss of weight was noticed. Pigmentation came on 
slowly, Qrst around the month and nostrils, then on the oral 
mncons membrane and on the tongue. 
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PtgineiiUtion occnrred in 13 out of 30 nbbite dying mtM 
a period remote from the opnation, whereas Nothnsgel J 
found it in only 3 oat of 153 caeea in which the snpiarend i, 
bodies wt^re cmehed. Death vae nahered in by diminution 
of motor power and blanting of aensation, coma, convol- 
sioiiB, nnd opisthotonos. 

The changes in the nervong Bystem were occaaionally viaiblfl 
to the naked eje, bat though microscopic changes were 
present in the majority ol caaes they were oy no means nni- 
veraal. 

In cases which died soon alter operation, distnrbuiGe ol 
the circalatioD, congestion, and hEemorrhages were seen in 
the stay matter of the cord. eapt?cially aronnd the central 
canal and also in the mpdnlla, where hicraorrhage aboot the 
vagus nnclens acconnted for death. The change was more 
intense in the cervical and upper dorsal regions than in th« 
Inmbar part ol the cord. The pia mater was inflamed, S 



rith atrophic 

changes of the nerve elements, while in addition a syatemlo 
degeneration may be seen in Goll's columns. Degenerative 
changes occur irregularly in the peripheral nerves. In con- 
nection with the sitnation of these changes which tend to 
descend towards the auprarenal bodies, it should be noted 
that Amaud and Aleiaia" have observed, after removal of the 
snprarenal bodies, an ascending degeneration, utarting front 
the region of the aoprarenal bodies, through the eemilanar 
ganglia to the lateral region of the cord. 

Tizzoni argues that as the same result follows removal 
whether of one or of both organs the canse cannot be a toxic 
agent, and sees nothing to support the theory that it is doe 
to changes or any trophic influences eierliid by the adrenal 
bodies on the central nervous evstem. He considers that the 
nervous lesions are due to altemtionB in the circulation 
through the blood vessels, due to influences travelling in the 
sympathetic, and primarily dne to the destruction of the 
suprarenal bodies. However, he tinda that changes in the 
solar pleiuaand semilunar ganglia are not always present. 
He aaggests that in cases of some standing, where no change 
ia found, degenerative changes did occur but have now 
passed away. He, however, leaves the connection between, 
removal of the suprarenal bodies and the nervous lesions 
open. The fact that death soraetimes occurs soon, at other 
times after a prolonged interval from the operation, he be- 
lievas is due to the varying amount of damage done in the 
process ol ablation. He concludes by considering the supra- 
renal bodies ol importance from their close relation to the 
sympathetic, and does not regard them as functional glands. 

Stilling" thinks that Tizzoni's plan of removing the supra- 
renal bodies from the back may cause the changes in the 
central nervous system by a direct extension of the inflam- 
matory process from the wound to the cord. Stilling reached 
the suprarenal bodies by laparotomy, and though he exa- 
mined for changes in the central nervous system, never 
H Quoted by BdI net. 
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removed into healthy onimalB, aod this kilted the animalB; 
but it appears probable that they died from ordinary septic- 
la addition to Bolnet'e work the observations of Thiroloix'* 
show that the reBnlts of ablations are to be explained hy 
interference with the functional activity of the suprarenal 
bodiea, and not by the mere traumatic effect of tneir re- 
moval. Removal of one suprarenal body in dogs was followed 
by hypertrophy of the other and by no symptome; BUbBe- 

?uent removal of the remaining organ led to coma and death, 
t ia very improbable that this was due to injury to the 
sympathetic, oecause if the remaining organ was separated 
fioni all ita nervous couuectione and left in titu no symptomB 
resalted. The last procedure would entail lolly as much, if 
not more, damage to the eympat'hetic as removal of the 

In the history of all important ablation experiments, for 
example, the thyroid, pancreas, and kidney, the typical sym- 
ptoms and physiological changes have been eiplained by 
some observers as due rather to secondary effects on the 
surrounding nerves than to the specillc effect of removal of 
the gland. Thus Munk believed the caehexia strumipriva 
was a result of damage to the vagus and aympnthetic ; from 
Horsley and G. R. Murniy's work there is now no doabt that 
the important factor is the absence of the secretion of the 

WiUi regard to the pancreas, Minkowski separated the 
pancreas from all its nervous connections witnoat giving 
rise to diabetes mellitus, while Rose Bradford showed that 
the sympathetic played no part iii the phenomeuahe obtained 
in extirpation of the kidney. 

G. Oliver and SchAfer,^" working with suprarenal extracts 
(watery, elycerinic, or alcoholic) of man, calves, sheep, and 
dogs, and injecting them into dogs, cata, rabbits, and frogs, 
have found : 

1. A rise of hlood pressnre due to arterial constriction. 
This is best seen after aection of the vagi, which prevents 
the concomitant inhibition of the heart. The blood pressure 
may rise to double or even quadruple the normal and is not 
atfected by stimnlation of the depressor nerve. In a limb 
the constriction of the vessels may be aliown by the diminu- 
tion in bulk, as measured by the plethysmograph, or in the 
kidney, by Roy's oncometer. As this effect remains after 
section of the cord or of the nerves going to tlie limb it 
is due to peripheral and not to central influences. The 
arteries are so firmly constricted as to eut^gest the use of 
suprarenal extract as a hEsmostatic agent in haemophilia, pur- 
pura, etc. 

2. On the heart suprarenal extract exerts a marked inhibi- 
tory effect through the vagus ; the beats become feeble and 
slow. On cutting the va^i the heart beats much more 
quickly than normally, and its force is much augmented. 

3. After a hypodermic injection of extract (equal to 1 or 
2 grains ot the gland) a frog shows absence of knee-jerka, and 
appears paralysed. Tlie muscles react to direct stimula- 
tion or to stimulation ot their nerves, but the contractiona 
are modified, the relaxation period being greatly prolonged, 
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aa in veratria poiaoning. The effect is not at all comparable 
to thftt prodoued by curare. The effects come on thirty 
seconds after intravenoae injection, and do not pass off so 
rapidly as tlie cardio- vascular phenomena ; hence it appears 
that the extract becomes stored ap in the maacleB. 

4. The active principle of the extract is present only in 
the medulla and not at all in the cortex. 

Suprarenal extract acts on the arteries in exactly the oppo- 
site way to thyroid extract. Bchftfer" doea not commit him- 
self as to whether the extract containa a, asefal substance, 
secreted by the anprarenal bodies, to bo subsequently uaed 
in the economy, or whether the extract containa a poison 
which is formed by the tisanes during their activity and is 
carried by the blood to be rendered innocaous by the adrenal 
bodiea. But from the enconraging results he obtained in the 
treatment of Addison's diaeaae it appears that Dr Oliver'" 
probably regards it as a naeful internal secretion. 

Three deductions are possible from these researches into 
the phyaiology of the auprarenal bodiea : 

1. That they have no proper function, and are important 
only from their close relation to the sympathetic. 

2. That they are excretory glanda, removing pigment and 
toxins from the circulation. 

3. That they are secretory glands, providing an internal 
aecretion which is of use in tlie economy. 

With the exception of TiKKoni'a reaults, all modem work 
points strongly to the conclusion that the suprarenal cap- 
sules are functional, and that their importance doea not 
depend on their anatomical relation to the sympathetic. The 
preaenee of accessory adrenal bodies or incomplete removal 
have been shown to be possible explanations oi the negative 
resalta obtained by some of the earlier investigators. 

The evidence is sufficiently strong to warrant the con- 
clusion that the adrenal bodiea are functional glands. It is, 
however, more convenient to postpone any discussion as to 
whether that function is of the nature of an excretion or a 
secretion until the explanation of Addison's disease is dealt 
with, since the physiology and palholo^ of these oi^ans are 
so inextricably dI ended. It is interesting that the thyroid 
gland was first considered as vaguely hematopoietic, or as 
having no function at all, then as an excretory gland remov- 
ing mucin from the economy, while now it ia firmly esta- 
blished as an anabolic gland providing an internal accretion. 

Condition of Sufbahbhaj. Cafsulbb in Asdison's Disbasb. 

In Addison's original paper (published in 1864) 11 caaes are 
recorded ; 5 of these cases had caseous tubercle in both 
snprarenals, and in 1 case tubercle was present in one supra- 
renal. One case (No. 4) appears to have been an example of 
cirrhosis and atrophy. In 3 cases there were secondary 
carcinomatous growths in the snprarenals, bilateral in 1 
case, and unilateral in the other 2. In 1 additional case 
there was a secondary nodule of carcinoma blocking the right 
suprarenal vein associated witli liiemorrhage into the cor- 
reaponding capsule, but without any growths in either. 

Addison tooK a characteristically broad view of therelation 
of the symptoms to the morbid lesioua, and expressed liim- 



self to tlie effect that nay morbid leeioii o[ tbe BaprarenslB 
migbt produce the eame resalt, and that the resalt depeoded 
not BO mach on the nature of the organic change as upon the 
intermptioD ol some special function of thoseorganB. While 
the discovery was Addison's, the general recognition of this 
dJeeaBe is. perhaps, chiefly dne to the vlgoroaa and loyal 
efforts ot Dr. Wilks. 

After the pablication of his original memoir, AddiBon~ap- 
pears to have been inclined to modify his views as to a mtil- 
tiplicity of morbid conditions of the suprarenal capsules giv- 
ing rise to the same series ol syinptoms, and to have wished 
to have removed from among the cases in his monograph 
those of carcinoma of the suprarenal capsules. While, with 
regard to tlie cause of the symptoms, he conjectured that the 
intimate connection ot the suprarenal bodies with the sym- 
pathetic had a large share in the production of the sym- 
ptoms, thus in some degree throwing over liis ezpresaed 
opinion that the interruption of some special function of the 
suprarenal capsnlcs was the explanation of the characterietto 
symptoms. 

According to Dr. Wilks,'"' Addison, on the first occasion of 
bringing the discovery belore the profession at a meeting of 
the now extinct l^onth London Medical Society in 1849 sag- 
gpsted the nerve theory in the following words : "We Imow 
that theae organs (the suprarcuala) are situated in the imme- 
diate vicinity and in contact with the solar plexns and semi- 
lunar ganglia, and receive from them a large supply of nerves, 
and who can tell what inflnence the contact of these dis- 
eased organs might have on these preat nerve centrus, and 
what share that secondary effect miglit have on the general 
health and in the production of the symptoms presented ? "" 

According to Dr. Wilks all genuine cases of Addison's are 
due to one and the same lesion ol the suprarenal capsulea. 
This view might be called the unity of Addison's cflseaae. 
This lesion could now be considered to be tuberc-ulous, but Dt. 
Wilks considered it to be a primary inflammation" compar- 
able to hepatic cirrhosis, ana regarded the atrophied cirrhotic 
condition of adrenal bodies sometimes seen as the last stage 
of tlie fibre caseous change. 

Dr. Greenhow" was a follower of the view ot the unity ol 
Addison's disease, and therefore criticised severely all the 
recorded cases in which the morbid condition of the supra- 
renal bodies was other than the fibro-caseous change, and 
concluded either that the symptoms (especially the pigmenta- 
tion] were not cliaracteristic of Addison's disease, or that the 
lesion found was incorrectly described. 

The fibro-caseous change begins first in the medulla, and 
spTeads gradually thronghont the whole of the organ, and 
after destroying the cortex may set up inflammation in the 
adjacent tissues and adhesions to neighbouring organs. "The 
semilunar ganglia and solar plexus are often described as 
being invaded by the infiammatory process, and a^in ^ave 
been found quite free from any morbid change. '"" 

this lesion is bilateral, but cases ot well i---^---' 
disease occur with a unilateral lesion.^' 

"> Pulluilogical Anatarai/.v.ioe.iSm. 
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The caseona change has very frequently been shown to con- 
tain bacilli, though in others repeated esaminations have 
lailed to demonstrate their presence. I am indebted to Pro- 
feeeor Del^piue's liindness for leave to mention snch a case ol 
Addison's disease with caseons suprarenal bodies in which 
no tubercle bacilli could be found, Bnbcutaoeons inocala- 
tion of caseous material into guinea-pigs after Villemin'a 
method" did not lead to tuberculosis. So that although the 
lesion is generally tuberculoos, it is not necessarily so in all 
cases. This condition is certainly the one more commonly 
found in association with Addison's disease. In 285 cases 
(collected by Lewin) of the disease this lesion was present in 
211. TubercalOQB inflammation of the suprarenal bodies, like 
that ol the lungs, is much commoner than any other form of 
chronic inflammation. It is interesting to contrast the 
liability of the suprarenal bodies to tubercle with the marked 
immonity of the thyroid gland. 

The late Dr. Haberahon" first sliowed that as the result of 
inflammation spreading from the snprarenal bodies the semi- 
lunar ganglia and their branches may become surrounded by 
dense nbrous tiasae. Sclerosis of the abdominal sympathetic 
has been confirmed in cases of Addison's disease by many 
observers. 

Dr. Greenhow'* described two stages in the proceaa : (1) a 
stage of irritation of the semilunar ganglia and the nerves 
connecting them with the suprarenal capsules, as shown by 
rednesB and swelling ; and (2} a farther stage of atrophy ana 
fatty degeneration. 

On the other hand, the absence of any alteration of these 
same structures has been repeatedly recorded. The extremely 
careful examinations made by Dr. Robinson for Dr. Mann "^ on 
two cases of Addison's disease serve as a model for such in- 
vestigationa, since a control examination was made at the same 
time of ttie same atructures from a patient of the same age 
where there was no reason to suspect anything abnormal. 

Von Kahlden"" criticises the published observations as to 
the condition of the semilunar gauElia and sympathetic in 
cases of Addison's disease, and does not consider either the 
positive or negative results of much value. 

He examined two cases of Addison's disense, and found* 
the following changes in the semilunar ganglia : Hyaline de- 
generation and thickening of the vesael walls, small cell intil' 
tration, and hemorrhages in connection with their adven- 
titia, and pigmentary atrophy of the ganglion cells and thick- 
ening of toeir capsales. He considers that these changes 
have a direct cauaal relation to the symptoms of Addiaon's 
dieease, He found the splanchnic nerves in the two cases 
quite healthy. Jurgens, however, has described degeneration 
of the splanchnica in Addiaon's disease. The bearing of these 
observations must be considered in the light of Hale White's'" 
descrintion oE the normal histology of the semilunar ganglia 
in adults. The cells are pigmented and atrophied, the degree 
of atrophy increasing witn. age ; the fibrous tissne was often 
very much increased in amount, and in a few instances the 
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eection was crowded with 1eaco(7teB witlioat any apparent 
reason. No constant arrangement in small blood vessels 
could be diBCDveied. Theae changes occurring normally 
have snch a close resemblance to those to which von Kahlden 
attaches importance as being responsible for the symptoms 
ol Addison's disease that it seems very donbttul whether the 
changes described by this observer had anything to do with 
the production of the symptoms of Addison's disease. 

Malignant disease ol the suprarenal capsules oceasionally 
givee rise to some of the syroploms of Addison's disease, aacn 
as ^stric disturbance, extreme debility, and pigmentation. 
Typical cases of Addison's disease are natnrally those in 
which there is no other organ aifected, and in which the dis- 
ease runs its own course without any complications. Wben 
growths develop secondarily in the suprarenal bodies the pri- 
mary growth may give rise to symptoms which throw into 
the shade or obscure any that may be due to interference 
with t)ie suprarenal bodies. The comparatively rapid pro- 
gress of the primary malignant disease may kill the patient 
before the secondary affection of the suprarenal bodies has 
had time to lead to any distinct symptoms. 

Again, in many cases the presence of malignant disease, if 
ascertained, would be quite suflicient to explain any sym- 
ptoms which otiierwine might be due to suprarenal disease. 

Still, from Addison's time downwards examples of flecond- 
ary malignant growths in the suprarenal capsules being 
associated with the symptoms, especially the pigmentation, 
ol Addison's disease nave been recorded, and it is, therefore, 
to he borne in mind that new growth in the suprarenal bodies 
may produce symptoms eomparahle to those met with in 
typical eases of Addison's disease. 

it is undoubtedly true that the suprarenal bodies may be 
apparently almost completely destroyed by carcinoma, and 
yet no special symptoms resnlt. The same, however, is trae 
of tubercle, and especially wliere there is extensive tuber- 
culous disease elsewhere. Perhiips in both eases death has 
occurred before symptoms chBracleiistic of Addison's disease 
have bad time to develop. 

In primary malignant disease of the suprarenal bodies there 
seems little evidence that the symptoms of Addison's disease 

Well-established examples of simple atrophy'" of the supra- 
renal capsules, without any fibrous increase in the substance 
of the organ, or of any fibrous adhesions around them, have 
often been desrribed as giving rise to the typical clinical 
picture of Addison's disease. The atrophy in some of the 
cases was extreme, the organs in many enees requiring very 
careful and minute dissection. In some instances they are 
described as being of the size of peas. It cannot be wondered 
at that in some cases, as in Dr. Spender's, they are described 
as being absent. These cases are of great importance, as will 
be seen later, in supporting the view that the symptoms 
of the disease are due to the absence of the functional activity 
of the organs, and not to irritation of the neighbonring 

>u BoeDder, Ebit[BH Medical Joubkal. lees. p. 768. MarbaJs. Berlin. 
Win. Woch., IMK, p. 181. W, Legfio, St. Borlholomevfi Botpilal RepmU, vol. 
X, 1BI4. QoodharC <3 CBseBl, Pnth. Tmiu'., 1SS2. pp. 340 and .H4D. Tiavy. 
Path. Tram., 18fi2. p, .Tflu, Hebb, Lancet, vol. 1, p. P, 188.1. ("oapland. Pall. 
Traia., 1886. p. 433. T. Barlow, Puth. Timia.. 1885, p, 4.13. Rololl (It oaBea). 
Ziegler'i Beitrligf, ISni, Bd. Ix. s. 339. WeeUalnBter HnepiUl Muaeum, Series 
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important Bympathetip nerves. In these cases of atrophy 
the aympatlietic plexuBPS and semilanar ganglia were in most 
instances carefully examined, and stated to be normal. The 
subject ol atrophy of the suprarenal bodies has already been 
referred to. 

Chronic interstitial iDflammatlon" of the suprarenal bodies, 
leadinff to atrophy, and homologous with atrophic cirrhosis 
of the liver, has given rise to typical Addison's disease. The 
cbrosio fibrosis is quite unconnected with the production of 
any caseous material, and does not show any evidence of 
tubercle, such as bacilli. The late Dr. Haddon compared 
this change in the suprarenal bodies to those met with in the 
thyroid gland in myxcedema, and expressed his opinion that 
the essential factor m Addison's disease is, as in myxtcdema, 
8 destrtictive change, the anatomical condition being ol no 
CMinsequence as long as it is destructive. 

A lew cases''^ showing an apparent connection between 
heemotrhages into the saprarenals and blood cysts occupying 
them, on the one hand, and the symptoms of Addison^ dis- 
ease, on the other, have been recorded. Apart from disease 
of the Bnprarenals of the various kinds already mentioned, 
there are some cases recorded of symptoms like those met 
with in Addison's disease being associated only with alt«r»- 
tion of the semilunar ganglia or abdominal sympathetic. 

Guar" reiMjrds two ancli cases : (1) TJnfler the cara ot M, Baynmnd, of 
lymphadeDama. with Bome □[ the BjmptODia □! AddieOD's disaaie the 
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Dr. J. K, Fowler"' has recorded a ( 
Georse Paget, in which the supraren 
Bemilnnar ganglia and solar pleiiua 
adenamBtauB growth. CIloiGally the c 

Von Rahlden '^'> quotes a similar ess 
GasetU Ofii IHipUavi, IBtil. 

To snmmarise the conditions ot the suprarenal bodies 
recorded in cases of Addison's disease, there are the fol- 
lowing : 

1. The fibro-caseoua lesion dae to tuberculosis— far the 
commonest condition found. 

2. Simple atrophy. 

3. Chronic interstitial inflammation leading to atrophy, 

4. Malignant disease invading the capsules, including 
Addison's case ot a malignant nodule compressing the snpra- 

5. Blood extravasated into the suprarenal bodies. 

6. No lesion of the snprarenal bodies themselves, bat 
pressure or inflammation involving the semilunar ganglia. 

The first is the only common cause of Addison a disease. 
The others with the exception of simple atrophy may be con- 
sidered 88 very rare. 
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AsAiouiCAij DiSTBiBUTiOH OF OuTANaoufl Piomm tM ■ 
ADsiHon'a Disk ABB. 

The pigmentation is an exaggeration of the normal, and is 
met with therefore on the fate, neck, hands. anU'rior (oldg of 
axilla, nipples, perineum, and genitale. The occarrence of 
small pigmentpa RpotB on the ekin is, according to Dr. Green- 
how, characteriBtic. Any oanse ol irritation, snch as pres- 
sure, the applioatton of blisters, or inflammation of the skin, 
is followed Dy marked pigmentation. Dnring the progress 
of the disease the hair has bpen noticed to become darker. 
Microscopically the pigment is found in thu cells of the 
stratum Malpighii, the more saperflcial layers of the epi- 
dermlB being quite or almoit free from anj' pigment. 

The dermis shows a few pigmented cells, " carrier cells," 
which it is thought convey tlie pigment from the blood ves- 
sels of the dermis to the stratum Malpighil. These wander- 
ing cells are found around the vessels in the superHoial parts 
of the dermis, where they abBorb pigment from the blood 
vessels,^" the method of absorption tieing donbtfut. That 
heemoglobin is not absorbed directly is shown by the absence 
of iron from melanin, so that if the melanin in normal and 
abnormal pigmentation of the skin is eventually derived from 
the blood considerable metabolism must Intervene. 

Demii^ville and Rlelil" have found that the vessels of the 
cntiB in the pigmented areas show small cell-inGllration and 
small faa;morrnages in their adventitia, and conclude that 
the ex travaaatedolood pigment passes up to the ceils of the 
stratum Malplghii, not In a soluble form as a ehromogen, but 
as pigment particles, and thas accounts for the pigmentAtion 
of the skin. 

Von Kahlden believes that the pigment of the stratum 
Malpighii is derived by means of carrier cells from the 
blood, but does not consider that disease of changes in the 
vessel wall or hemorrhages around the vcBsels have any 
cauBnl connection with pigmentation. 

Notlmagel regards ttie exaggeration of the normal pis- 
mentation met with in Addison's disease as due to functional, 
not organic, change in the vessel wall allowine increased 
transference of pigment to the stratum Malpighii.'" 

The general consensas ol opinion is that the melsoin of 
the stratum Malpighii ia ultimstely derived from the heemo- 
globin, and that in abnormal pigmentation this process ia 
exaggerated. Delcpine,'" however, has put forward the view 
that by the activity of the cell protoplasm of the Btratiun 
mucoBom the melanin is manntactured, and [>aBBing out Of 
the cells into the lymphatica of the corinm. is carried away 
and tranformed into htemoglobin. On the view that melanin 
is an antecedent and not a derivative of hemoglobin, the 
carrier cells might be regarded as transferring the melanin. 
from the epidermis to the lymphatica snd vessels of the 
dermis. Averbeck and Burger™ believe that the pigment in 
Addison's disease is due to very active metabolisn 
cells of the stratum j^-'----^'- 
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Pigmentation of Mucous Membbanb. 

Pigmentation of mucous surfaces is rarer, occurs in more 
advanced cases, and is usually regarded as being a sign of 
more value than cutaneous pigmentation. It may be found 
along the line of contact of the lips, on the cheeks, gums, or 
tongue, especially if there be any cause of irritation, such as 
a carious tooth. It is said to occur in the vagina^^. The 
conjunctivae®^ may in some cases, though very rarely, be 
pigmented. 

Situation of the Pigment on the Mucous Membrane. — According 
to Dr. Greenhow®^ the pigment in the tongue is found in the 
same layer as in the skin, namely, the stratum Malpighii or 
mucosum. Haddon®^ found the pigment quite as plentiful 
in the corium as in the stratum mucosum of the buccal 
mucous membrane. 

Tizzoni,®^ in the pigmentation produced experimentally in 
the buccal mucosa of rabbits, found pigmented carrier cells in 
the corium, and pigment in the deeper layers of the stratum 
mucosum. 

Dixon Mann®® draws a sharp distinction between pigmenta- 
tion of the mucous membrane and that of the skin. Pigmenta- 
tion of mucous membrane is not general ; it requires certain 
local conditions (friction, local hyperaemia) for its develop- 
ment, and the pigment has a different histological ^ite. The 
corium contains pigmented carrier cells, as is the case in the 
skin, but the stratum mucosum contains no pigment, 
possibly because the cells composing it do not have the finger- 
like processes " which in the skin are thought to receive the 
pigment from the carrier cells. When, exceptionally, pigment 
was found in the stratum mucosum it was seen to be not in, 
but between, the cells. 

Pigmentation of Serous Membranes, — Addison®* described 
discrete pigmentation of the peritoneum in one of his cases, 
and a similar case is mentioned by Dr. Wilks.®^ Dixon 
Mann'^° has described the same appearance; the intestines 
are described as being otherwise normal, and no mention is 
made of any old peritonitis or tuberculosis. 

Dr. Greenhow'^^ records a case of Addison's disease with 
pigmented tubercle of the peritoneum, accompanied by signs 
of past peritonitis. The same writer also quotes"^^ a case re- 
corded b^ Van Andel of pigmentation of the peritoneum, but 
no mention is made of the presence or absence of tubercle or 
of past peritonitis. As its occurrence is so rare, it is probable 
that when present pigmentation is due to past inflammation, 
and probably of a tuberculous character of the peritoneum. 
No instance of similar pigmentation in the pericardium or in 
synovial membranes has been recorded. The marked pigmen- 
tation of the pia mater observed by the late Dr. Carrington'^* 
seems to be unique, and might possibly have been due to the 
melansemia of ague. 

^1 Dixon Mann, Lancet, April 4, 1891. 

62 Leva, Virchow's Archiv, cxxv. p. 35. 

68 Vide Plate ii, Croonian Lectures. 

«* Path. Trans. 1886, p. 438. 

«5 Tizzoni, Zeiglefa Beitrdge, 1889, p. 29. 

66 Lancet, April 4th, 1891, p. 766. 

6T Ehrmann, Wien. aUge. med. Zeitung, 1894. 68 Memoir, p. 37. 

6^ Qu^fg. Hospital Reports, 1862, p. 56. 

TO Lancet, March 2l8t, 1891, p. 653. 

^^ Croonian Lectures, p. 112. ^^ Croonian Lectures, p. 182. 

ts Quoted in Fagge's Medicine, vol. ii, p. 609, 1886. 
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Othbb Anatomical Lbbionb mbt with in Addibob'b 
DisEASx. 

In Home of Addieon'a cases a, hrpertropliled condition of 
the lymphoid follicleB in the stomach and IntestineB, as well 
as some enlargement and softening of the spleen, were noted. 
The exaggeration of the Ifmphoia tisaut has been Ii-eqaently 
noted since, and Dr. Greenhow'" considered it as one of " the , 
characteristic, though perhaps not quite invariable, lesions " J 
of the disease. There dof a not appetir to have been any diar- I 
thcea in the cases in which tliis condition was marked. It | 
might, perhapa, be considered that this condition of the 
lymphatic follicles is to some extent in favour of the view 
thai when the saprarenal bodies are fnnctlonless, whether 
from deatruction or atrophy, some toxin is circulating in the 
body. The occurrence of leucoCTtoaia after the injection of bac- 
terial poisons or even the injection of albumen'" is presumably 
accompanied by increased activity of the lymphoid tissue of 
the onanism. In some cases persistence of the thymOB I 
gland has been recorded, | 

A softened condition of the brain with an increased amount | 
ol cerebro-apinal fluid has been recorded in some cases" 
Addison's disease, and was probablv accidental, but its oc__ 
lence is of interest from the marked inflammatory changes I 
reaultlng from removal ol the auprarenal bodies in animals ir 
TizBoni'B hands. 

Tizzoni^^ quotes two cases of Addison's disease in which I 
lesions of the central nervous system were found : 1. i 
Bonrredi's case : Caseoas chanse in the suprarenal bodies I 
BBBOciated with hyperemia of the cord, perivascular iBflam* I 
matlon, degeneration of nerve hbrea, and changes of varyina I 
degree In the ganglion cella. 2. Semmola's case : A normal | 
condition of the auprarenal capsules accompanied by mui 

degeneration of the stroma ef the abdominal gannlla of 

sympathetic and small cell infiltration around the central | 
canal of the spinal cord. 

In connection with the view that Addison's disease Is ol . 
nature of a toxtemia, it would be natural to expect to Bnd I 
ohangea corresponding to those deeeribed by Bowman''^ in " ~ 
spinal cord in pemicions aniemia. 
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LECTURE III. 



■ EXP1.ANATI0N OS Adsison's Dibbahb : (a) Nbbtocb Tobokt 

(6) Theory of f^uPHAfiBNAi. Inadrqoact; (1) Afl 

EscBBTORY Ulandb, (2) As Bb.cbxtob,y Glandb, 

Tebaxment of Addison's Diskasb by 

Sdpbabbkal Estbact, 

The Neavocfl Thboby of Addison's Disbasb. 

The experimental work of PhilHpeaui, Harley, and Tizzonl 

point to the abe^DCe or nnimportnoce of an}/ function on the 

part of the suprarenal bodies. Aa already seen this negative 

view as to the functions of the saprarenal bodies held the 

field from Addison's discovery nntil quite recent times. On 

such a physiological basis the connection between disease of 

the eaprarcnal capsales and Addieon'e disease was explained 

by the secondary morbid changes, induced by the lesions in 

the saprarenal bodies, in the neighbonringsemilnnar ganglia, 

solar plexus, and sympathetic nerves. This conception will 

be for ever associated with the name of Dr. fSamael Wilks. 

It waB baaed on post-mortem inveatigation showing the spreHd 

of inflammation from the tuberculous suprarenfil bodies to 

the semilunar ganglia and other branches of the eympathetic. 

Dt. Greenhow ' inferred that at least all the more important 
features and prominent symptoms of the disease are due to 
morbid changes in the nerves, the changes in the nerves 
being (1) irritation and (2) atrophy. The collapse and the 
extreme state of debility are thus explained as uie result of 
the altered condition of the sympathetic in the abdomen. 
The vomiting and pigmentation are referred to the direct 
irritation ol the sympathetic by the caseous material in the 
suprarenal bodies, or from the same canse acting reflexly 
through the cerebro-spinal system.' 

The view of Wilks and Greenhow may be summarised 
thus; The lesion is primary in the suprarenal bodies, and 
always of the same nature, while the symptoms of the disease 
aj6 due to the secondary eftect on the adjacent sympathetic, 
IJie solar pi exns, and semilunar ganglia. AmaudandAlexais' 
accepted the principle, bat by limiting the nervous changes 
to the ganglia in the Ghrons capsule of the adrenal bodies 
they were able to explain the fact that in Addison's disease 
the solar plexus and semilnnar ganglia may be healthy. 

A natural modification of these views is that Addison's 
disease is due to changes in the abdominal ganglia and 
sympathetic, which may be due to disease of the suprarenal 
bodies, but is qaite independent of a special, or indeed of 
any, lesion in them. This theory was supported by 



Jac^rnud, von Eahldeti, and others from the cUoical and 
morbid anatomjr point of view, and b; the experimental 
researches of Tizzoni. Semmola * earned this view to an 
extreme degree ; he believed that not only had changes in 
the BUprarenftl bodies nothing to do with Addison's disease, 
bnt, when they did exist, that the? were trophic lesions dne 
to injury to the nerves which presided over their nutrition. 

The nervous theory does not explain the numeions cases 
reijorded ol typii-al Addison's disease, in which special atten- 
tion haa been paid to the condition of the semilunar ganglia 
and adjacent sympathetic, and in which they have been 
fonnd to be normal, since continued irritation could not last 
for any time without setting up inflammatory changes in giin. 
t^till less doee it explain the occurrence of llie symptoms of 
Addison's disease associated with simple atrophy of the 
adrenal bodies. Apart from these facts, which by so directly 
contradicting the data of the theory put it out of court, there 
are considerable difficulties in the working of the theory. 
Some of the changes described as responsible for the disease 
have considerable resemblance to those normally fonnd in 
adnlt life, that is, those in the semilunar ganglia. The 
changes in the sympathetic, etc., according to Greenhow, are 
(1) irritative in the early stage, followed by (3) atrophic 
changes corresponding to two stages of the disease. The 
disease cannot be divided into an early stage showing sym- 
ptoms the result of a discharging lesion, and a later with 
symptoms due to an atrophic change in the sympathetic. 
"Vomiting in advanced cases is seldom absent, and may be 
spontaneous and iTrepresaible,"' Uonvulsions not nncom- 
monly occur shortly before death, and never in the earlier 
stage, when according to this view Ihey would naturally be 
looked for. Pigmentation is nearly always a symptom oc- 
curring late in the course of the disease, whereas, accoiding 
to the view that it is dne to irritation of the sympathetic, it 
should always appear fairly early. 

Dr, Bedford Fenwick" has suggested that when the mednlla 
of the snprarenal body is affected the constitutional symptoms 
result, and that when the lesion spreads to the cortex bronz- 
ing follows. This would explain flie sequence of events, but 
it would also logically necessitate the constitutional 
symptoms of Addison's disease appearing whenever the 
medulla is affected, which is very far from being the case. 
Experimental removal of the cisliac plexus leads to rapid 
emaciation, low temperature, diminution in the amount of 
urea in the urine, acetonuria,' though this is disputed,' and 
acetoDicmic coma. These results do not snpport the view that 
Addison's disease is due to an irritating and destructive 
lesion of the sympathetic around the suprarenal bodies. 

There are numerous examples of slow irritation of the 
abdominal sympathetic by enlarged glands, spinal oaries, 
surgical and tuberculous kidney, abdominal anearyBm_, and 
chronic peritonitis, where there are no symptoms of Addison's 
dlseaae, except perhaps some pigmentation. Although it is 
the sign by which tliis disease is perhaps most often recog- 
nised, the bronzing is not only variable in degree and late 

at Inleniational Meiilml Congress, 16S1, vol. li, p. 71, 
■Dr. Greenhow, [iroonian Lectures, p. 10. 
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In appearing, but ia also met with In other dlBeasea, as in 
exoplithalmic goitre. 

Now, since in eiophthalmic goitre changes in the sympa- 
thetic have been deacribed, it might be thonght that there 
are analogies between it and Addison's discaee. It may then 
be well liriefly to consider tliia point. Profeaaor Greenfield' 
In hia Bradahaw lecture sh o wea tli at exophthalmic goitre i a 
OBHOciated with subacute inflammation of th^ pons, medulla, 
and parts of the sympathetic, and ascribed these changes to 
excess or alteration of the internal accretion of the thyroid 

Addison's di sea ae and exophthalmic goitre differ very con- 
siderably in the clinical picture theypreaent; but they have, 
tliongh far from conatantiy, two classes of symptoms in com- 
mon, namely, gastro-intestinal disturbanc? and anomalies of 
pigmentation, yopposing that these common symptoms are 
both connected with irritation of the nervoaa system, tiie 
conditions are not fairly analogous. For according to the ner- 
vous theory of Addison's disease the irritation is aimple, and 
due to the extension of chronicinflammation to the abdominal 



sent which, independently ot the nervous changes it pro- 
duces, may very well be capable ot producing textural lesions 
and functional disorders. In other words, a considpration ot 
exophthalmic goitre does not lend an^ support to the purely 
aervona theoty of Addison's disease. Aa has been already 
Been, the nervous theory ia untenable, since the sympathetic 
in the neighbourhood ot the suprarenal bodies is not con- 
stantly altered. 



Thkoey of Sopbabenal Inadequacy. 

Since the nervous theory does not explain Addison's 
disease, the rival theory of suprarenal inadequacy mnst be 
examined. This theory assumes that the suprarenal bodies 
wre active glands, and that interference with their functions 
gives rise to Addison's disease. 

Since the morbid aymptoma are connected with some 
change in the constitution of the blood, this theoiy might, on 
contradistinction to the nervous theory, be called the chemieai 
theory of Addison's disease. 

In the foregoing sketch ol the physiology, the suprarenal 
bodies were shown to be functional glands, but discussion ot 
the nature ot this function was postponed. The two views 
as to their physiology were ; 

1, That the suprarenal bodies are excretory or katabolic 
In function, That they pick up and remove from the circu- 
lation etfete blood pigment and toxic bodies, and destroy them. 

3. That these organs are secretory or anabolic. That they 
manufacture some fluid which passes into the blood vessels 
or lynophatica, and ia ot use in the economy. 

Before discuaaing which of these theoriea ia correct, three 
questions must be considered : 

(IJ How do the tacts of morbid anatomy bear on the 
l^potfaesis that Addison's disease is due to the loss of func- 
tion of the adrenal bodies ? 



(2) la the dlaekse likely to be a toxiemia ? 
(3> Can the symptoms of the diBeage be explained on this 
hypothesis f 

I.— Bbxoings of Mobbid AvATOirr ok Thbobv ot Adbenal 

INADBQU1.CY. 

It is knovni that destructive tuberrnlous lesions end 
atrophy of the saprarenal bodies may give rise to the Bym- 



a may be raised to the theory of 



a ot Addiaon 8 diseaHe. 

But the followiug obieetioB 
suprarenal inadequacy ;— 

1. The existence of cases where post mortem the suprarenal 
bodies are found to be extensively destroyed by taberele or 
new growth, and in which definite clinical symptoms of 
Addiaon'a diaeaae have been absent during life. 2. Secondly, 
that there are easea clinically of Addiaou's disease in which 
pogt-mortem caseation of comparatively small amount is 
found In the suprarenal capsnles— perhaps only in one— and 
in which the amount of damage is even leaa than in cases 
which have presented no sign of Addison's disease. Bince a 
compBTatlvely small part of the available suprarenal anb- 
stance ia tlius rendered f uni-tionleas, it has been argued that 
the concomitant symptoms cannot be due to abolition of the 
function of the organs. And (3), lastly, that there are 
examples of Addlaon's diseasf^ in which the suprarenal cap- 
sules themselves are healthy, though the surrounding sym- 
pathetic nerve plexosea and semilunar ganglia are involved 
in dense adhesions or by a growth, such as lymphad(>noma. 

In reply to these the lollowlng considerations may be 
brought forward: 

1. In cases where the organs are extensively destroyed by 
tubercle or invaded by new growth the absence of aymploma 
may be explained in two ways ; («) The change in the 
adrenal bodies is usually a secondary result of advanced dia- 
ease in other organs, which has killed the patient belore the 
symptoms of Addison's disease, usnally a chronic aSeotion, 
have had time to develop, (b) That aome compensation tor 
the destruction ol the suprarenal glands is present in acces- 
sory suprarenal bodies, and that, as io the case ol the thyroid 
gland, symptoms due to the destruction ol the main glanda 
are thus avoided. 

2. In reply to the objection that when the lesion of the 
suprarenal substance is not of considerable amount the re- 
maining part of the organ, if healthy, should produce com- 
pensation, and thus prevent the development of symptoms, 
it may be urged that failure in this power of compensation 
may be due to inherent want of vitality, to concomitant 
atrophy, or posaibly— and this is a point requiring investiga- 
tion—to the tuberculous growth interfering with the efferent 
vessela. The common tuberculocis caseons (^ange alwcnra 
begins in the medulla, and thus might easily obstruct the 
vascular connect! on a of the organ, and so render it function - 
lees, even though there was a sufficiency of secreting gland 
tisane l^t. 

3. In the few casea ot Addison's disease, where the snpra- 
edescribed as healthy, while the sympathetic 

and aemilnnar ganglia were involved in dense adhesions or in 
a growth, it ia possible that the vessels and lymphatics of the 
suprarenal capsnles were thus interfered with, and so the 



orgaoa were placed outside the circulation and rendered func- 
lionless. Tne sequence of eveule, then, may be compared to 
Boinet'a experimental ligature of the jiedicle (and veins) of 
the BaprHrMial bodies, with its resulttng fatal toxic efl'ecta. 
Hence it may be concluded that obstruction to the efferent 
veesela of the suprarenal capsules is quite a possible canse of 
Addison's disease. The facts of morbid anatomy, then, appear 
to be compatible with the view that Addison's disease can be 
explained by suprarenal inadequacy. 

II. — la Addihon's Dihbasb Likely to bk a Chbontc 

TOKfflMlA ? 

Addison's disesae and myxedema are in many ways 
analogous. The destrnctioo of the thyroid gland or its experi- 
mental removal leads to a train of symptoms— my seed ema— 
which can be satisfactorily obviated by artificially supplying 
the organism with the extract of the thyroid. The same is 
probably true of the suprarenal bodice. 

In myxcedema the cause of the symptoms might be (1) a 
toxic condition of the blood dne to the suspended secretion 
of the thyroid gland, or (3) a condition of general apathy ol 
the nervous system from the absence ot its normal stimulus 
provided by the secretion of the thyroid gland, 

According to the general view myxedema is due to the 
absenceoftliyroid secretion causing a loss of functional ac- 
tivity on the part of the tissues, on which, in all probability, 
the accumulation of mucin depends. Possibly some toxic 
body accumulates in a similar manner to mucin, and exerts a 
poisonous action on the central nervous system, In support 
of this the toxicity of the urine has been found to be in- 
creased by thyroidectomy, the curve of the toxicity varying 
with the morbid symptoms.^" In experimental removal ol 
the suprarenal bodies the blood acquires a toxic property, as 
shown by its efTect on other animals." 

The extreme debility and languor of Addison's disease, 
with the periodic exacerbations in the progress of the dis- 
ease, are very like the same evnats in pernicious ansemia. 
The phenomena of pernicious anaimia are best explained by 
the view that absorption of toxic bodies occurs in the portal 
system. 

Addiaon'a disease and unemia present certain analogies. 
In both there is a combination of symptoms suggesting 
paralysing and irritating factors at work— the drowsiness and 
not infrequent paralysis of nriemia and the extreme languor 
and occasional convulsions before death in Addison's disease. 

Bouchard has found that in normal urine tli ere are seven 
toxic bodies. In uremia these poisons are retained in the 
body, and the urine is harmless. Now in Addison's disease, 
since the kidneys are nearly always healthy, the toxic bodies 
need not be retained in the body, and so might be found in 
the urine. It is therefore a point urgently requiring investi- 
gation as to whether the urine in Addison's disease is more 
toxic than in health, and what are the results obtained by 
injecting it into animals as compared with Bouchard's results 
with healthy urine. The solution of this problem would go 
tar to settle the question whether Addison's disease is a 
chronic toifemia. 
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Quite recently Bchfiter and Oliver" have tonnd that extracts 
liom the nrine of patients with Addison's diaease, when 
injected into animals, have tlie same effect as normal nrine. 
This observation they regard aa being important evidence 
that the suprarenal bodies do not excrete poisons, but it also 
militates against tlie view that Addison's disease is a 
toziemia. 

From analogy and from the toxic coniiition ot the blood in 
animals deprived of their enprarena! bodies it woald seem 
probable that Addison's disease is a toxic condition, bnt the 
absence of special toxic bodies from tiie urine is strongly 
against this view. Further experiments are required, and 
for the present the question as to whether Addison's disease 
is or is not a toxic coadltioa should be left open. 

III.— On thh Assitmbtios that Addi80n's DisaASE miqht 
BB A Chbonic Tox^uia, Can its Symftous bb 

EXPLAINBD ON SDCH A HyPOTHBSIS? 

The extreme debility might be due to a toxin possessed of 
properties like those of carare. lliince. liowever, saprarenal 
extract has marked toxic effects, it might well be argued 
that its absence fnlty accounted for the extreme debility and 
Inngnor of Addison's disease, and that it was quite anneces- 
sary to invoke a hypothetical toxin for this purpose. Ex- 

fieri mentally, however, the injection ot blood from acapsn- 
ated animals into others §ives rise to a temporary condition 
of extreme langaor; so it ia not unreasonable to consider 
this phenomenon in the human subject as possibly due to 
the presence ot a toxin having an action like that of curare. 

The gHBtro-inteatinal Bymptoms might well be due to the 
effects of a toxin exerting an irritating effect on the central 
and viaoeral nervous systems. Pigmentation might be the 
result of the constant inSaence of a toxic substance on the 
sympathetic nervous system. A similar explanation accounts 
for pigmentation in exophthalmic goUre. The influence of 
the nervous system on pigmentation of the skin, thoagh not 
proved physiologically, is extremely probable from clinical 
obaei-vations. 

The increased pigmentation is an exaggeration of the 
normal, and the innnence of the sympathetic is probably 
exerted by altering the condition of the vessel wall, and so 
allowing increased transference of pigment by the carrier 
cells to the epidermis. But it must be remembered that 
there is the hypothesis that stimulation of the sympathetic 
nerve Sbrea increases an active formation of pigment by the 
cells of the stratum Malpighii. The existence of chromato- 
genio nerve fibres '^ has been suggested, but cannot be con- 
sidered to have been proved. 

The extreme debility may be considered either as a result 
of a toxic condition or as a state of atnny due to the absence 
of a necessary stimulus. The vomiting, gas tro- intestinal 
diBtnrbancPB, and pigmentation point to there being some 
positive irritation ratlier than to a mere absence ot a normal 
stimalUB. On the whole, the symptonia of Addison's disease 
are better explained as the result of a toxiemia than on the 
enjiposition that they are solely due to the absence of the 



" Ptoc. Fhyiiol. San., Marcli lalh, laflS, 
imel, Acad^mie di M'llfi^nedt Monipelllir, 18S9; quoted bf GOAf, 
ThSBO pour lo DoetOTBi, Paris, 1SS5, 
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Having seen that the facta of morbid anatomy are com- 
patible with the view that Addison's disease is due to 
inadequacy of the suprarenal bodies, and that It ia an open 
question whether Addison's diaense is due to a toxic or to 
an atonic condition, let us examine the two theories as to 
the function of the suprarenal bodies. 

The Thbobt i 

What evidence is there that blood pigment undergoes any 
change in the suprarenal bodies'^ 

The hpemoglobin is freed from the red blood corpascles 
chiefly in the spleen, and possibly to some extent in the red 
marrow of bone," but the former is the important seat of 
this change, otherwise hEemoglobin would appear in the 
urine. The katabolic changes undergone by liu^moglobin 
take place in the liver." 

MacMunn's view is that the saprarenal capsules perform 
this fnnction, and that when they are destroyed an accumala- 
tion of effete pigment occurs in the circulation. No such 
accumulation of solid pigment has ever been found in the 
blood in Addison's disease. Brown- S<*quard and Boinet are 
the only observers who have ever recorded pigment granules 
in the blood after experimental removal of the suprarenal 
capsules. In animals killed by toluylene diamine, Pillietf' 
noticed products of blood destruction in the medulla of the 
snpiareaal capsules giving rise to pigmentation, but this 

fioison produces hfemolysis so freely that this observation 
ends no snpport to the view that normally any changes 
occur in the medal I a of the suprarenal bodies. 

But it might be argued that, even if there is no solid pig- 
ment free in tjie blood, there might be an increased amount 
of soluble pigment or chromogens in the circulation as the 
result of destruction of, or interference with, the snpra,renal 
capsalea. Such an excess of soluble pigment mi^ht be 
thoneht to provide the cells of the stratum Malpighii with 
satisfactory pabulum for pigment formation. But such 
soluble pigment should pass freely into the mine. Is there 
any evidence of such increase of urinary pigments in Addi- 
son's disease!' Thudichum," in a continuoas examination 
for sixty-flve days of the nrine of a case ol Addison's disease 
found a deficiency in the colouring matters. A aimilarresult 
was obtained by Dr. A, E, Garrod, who most kindly made 
some analyses of the urine of a case of Addison's disease 
for me, and by Dixon Mann.''' 

MacMunn based his theory on the belief that hiemoglobin 
and histohfematins become changed into hcemochromogen, 
histohiematinB being fonnd by him in the cortex, and hiemo- 
chromogen in the medulla of the suprarenal capsule. Hiemo- 
ehromogen, according to this author, is blood pigment in an 
excretory stage, and is also found in the bile. In Addison'H 
disease the interference with this pigment-metabolising func- 
tion of the suprarenal bodies was shown hy the presence ol a 
pigment, uroheematoporphyrin, in the urine. He found this 
body, however, in the arine of diseases soch as enteric fever, 
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measles, cintioaiB, menin^jitis,'^ etc.i in which, the Bnpra- 

renal capsules are not specially affected. In addition it nas 
been shown that urohajmatoporphyrin is not a definite che- 
mical compound, but a mixture of a larger qnantity of hcema- 
toporphynn and a smaller quantity of urobilin,'" both o( 
which are among the normal urinary pigments."" Garrod"' 
haa found hsamatoporphyrin in conelderable qnantitieB in the 
urine ol tubercalous sobjects, and, since Addieon's disease ia 
UHuaUy tuberculous, an increased amount of htemato- 
porphyrin, if present, wonld be thus accounted for. 

As shown above, the urinary pigments are not increased in 
Addison's disease, and hictnatoporphyrin in the analysis 
Cjarrod kindly did tor me was only present as a trace. Even 
if hiematcporphyrin were present uniformly iu large quanti- 
ties in Addison's disease tiiis wonld prove little, since it has 
been shown to occur in considerable amoants in such varions 
conditiouB and diseases as sulphonal poiaoalng," gout," 
chorea," phthisis, and pneumonia, and not to be increased in 
pemlcions aneeraia. Indican has been found in the urine in 
increased guanlitieB in Addison's diBease, but its presence ia 
a sign of intestinal disturbance, and points possibly to an 
Bnto-intoxication, but not to any change in metaboliflm of 
the pigments of the blood. From these considerations it 
appears highly improbable that the suprarenal bodies have 
any action on the effete pigments of the blood. 

What evidence is there that in the suprarenal capsulea 
poisoQOUB bodies are destroyed or rendered innocuous P On 
removal of these organs the animala die, and their blood, 
when injected into healthy animals, gives rise to Bymptoma 
resembling those seen after removal. This tosic properly 
of the blood might be due to non-CKcretion on the part of 
the suprarenal bodies, or to their internal secretion no longer 
neutralising this toxio property ot the blood. 

Now, Tizzoni^' and Notunagel'-"' crushed the suprarenals, 
and left them to be absorbed in iritu, without any Bi^ns ol 
toisemia resulting. If, therefore, the former alternative be 
set up as a hypothesis, at any rate the suprarenal bodies do 
not contain the poisonous snbstances which they might be 
supposed to remove. This same hypothesis is further 
opposed by the eiperiments of Abelous and Langlois." 
They showed that the toKsemia due to ablation of the organs 
can be counteracted by injection of suprarenal extract. Now, 
if the suprarenal bodies excreted a poison, which when accu- 
mulating in the blood gives rise to tosic symptoms, injection 
of suprarenal extract would only increase these toxic 
effects. 

These two obaervationa, then, are both opposed to the 
h)[potbeBis that the suprarenal bodies excrete a poisonoas 
substance. On the other hand, it is known"'' that injection ol 
very large quantities ol suprarenal extract, equal to several 
times the weight of the suprarenal bodies, produces death, 

'» Joumnl of FhyHolomi, toI. i. 1889. 
lei-o Nobel. PfiSacft Areliiv, lg§7, vol. xl, p. 501 ; Qarcod, Jourtial ol 
Pliwlobtgv, vol. jiii, 1893, p^BBB : Zog»j .^rc'iiu.^^^iuJ. d 
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'"Otxioi, Journal qf Phitaiology, vol. ivll, l8M,p.349. 

"Qarrod, Joamni of Paih,, vol. 1, p. 194. 

"Balkonskl, Z'.ii.jiliystol. Chna.,imi, vol. xv, 366; Percy Bmith, 

St. Thamaifs Bmp. Separli, toI. jcxi. 

=' Qarrod, Journal of PatliolaM/, vol. I, p. 19*. 
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At first sight this might seem to tend in the opposite 
direction, but it does not really do so. It only proves that an 
abnormal and poisonous dose of suprarenal extract or secre- 
tion has been used. 

Aeain, Abelous and Langlois^^ showed that after removal 
of the suprarenal bodies a toxic body with properties like 
curare appeared in the blood. But, on the other hand, 
Sch3.fer and Oliver found that the effect of suprarenal extract 
was not at all comparable to that of curare. 

These two experiments are not contradictory; they only 
show that the body or bodies extracted from the suprarenal 
capsules are not the same as those present in the blood of 
animals whose adrenals have been removed. This is a strong 
argument aeainst the theory that the suprarenal bodies are 
excretory glands. 

There is, then, evidence, that the suprarenal bodies do not 
remove effete blood pigment from the blood or absorb toxic 
bodies and render them harmless. 

Thbobt that Addison's Disease is Dub to an Inadequate 
Secbbtion on the Pabt of the Sufbabbnal Bodies. 

Since the function of the suprarenal bodies is not excretory 
we are left with the alternative view that they are secretory 
glands providing an internal secretion like the thyroid. The 
researches of Abelous and Langlois^*^ and of Sch3,fer and 
Oliver^^ form the basis for this belief. 

* Schafer and Oliver^^ lately showed that healthy human 
suprarenal capsules yield a powerful extract, but that in cases 
of Addison's disease no active extract can be obtained. This 
points strongly to the conclusion that Addison's disease is due 
to arrest of secretion of the suprarenal bodies. 

In seeking for an explanation of the phenomena of Addi- 
son's disease in a cessation of the secretory function of the 
suprarenal bodies the next step is to inquire whether the facts 
available point (1) to this secretion directly antagonising a 
poison which is continually being formed in the body. This 
antagonism might be conceived of (a) as occurring in a 
manner analogous to the neutralisation of an acid by an 
alkali, or (6) as being due to the secretion exerting a ferment- 
like action on these hypothetical toxins and destroying them. 
Or (2) to the secretion acting as a stimulus to the various 
tissues of the body. This tonic effect on the tissues might 
act conceivably in three ways : {a) by regulating their nutri- 
tion and activity ; in the absence of this restraining influence, 
the tissues, so to speak, run riot, and might even produce 
toxic bodies.^^ (fi) By increasing the resistance and defensive 
powers of the cells of the bodv, including the white blood 
corpuscles, so that they are able to withstand the poisonous 
bodies possibly resulting from the general metabolism of the 
body, and to destroy them, (c) By increasing their func- 
tional activity without any reference to the presence of toxic 
bodies. 

2» Loc. cU. 30 Loc. cit, ai lqc. cU. 

* I take this opportunity of thanking them for the generous manner 
with which they have put me in possession of the contents of their 
communication to the Physiological Society on March 16th, 1895, before 
the publication of that paper. 

3 2 Proc. Physiol. Society ^ March 16th. 
33 Thirololx, loc. Hi. 
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Schafer and Oliver'a" experimenta show that anprarenal J 
extract has a veiy definite effect on healthy animalB, beine ] 
amon^ other thinga, a powerful vascular tonic. Thia ob- | 
aervatioaprovea that the se(-retiou Ig not merely a chemical | 
antidote. 

In order to prove whether suprarenal extract or aecretioa | 
haa any such neutraliaincr action on the toxic bodies in the 
blood of animals deprived of their anprarenal bodies, ezperi- 
menla shoukl be performed on the lines of Buchner'a" experi- 
ment with antitoxin. Uuinea-pi^ are twenty timee more 
ausceptible to tetanna than white mice. A mixtnre ot 
tetanus toxin and antitoxin was prepared so that no effect 
followed ita injection into white mice, but when tried on 
gainea-piga a fatal reault waa produced. Ho the immunity 
conferred by antitoxin is not dae to a mere nentraliBation, 
but to the effects of antitoxins on tlie tlssuea. Supra- 
renal extract should, tike antitoxin, be mixed with toxic 
blood from animals d^inc from ablation of the sapra- 
renal bodies, and the point oe settled whether the amount ot 
suprarenal e:{tract required to coanteract the accompanying 
toxins ia the aame for all animals, in which case it would 
appear to be a process of nentralisation, or whether it variea 
with the susceptibility of diflerent animals. 

With regard to the jioBalbility of the suprarenal extract 
containing a ferment which deatrojB hypothetical toxins ia 
the blood, it must be borne in mind tnat such a lerment 
would be destroyed by boiling. One of the extracts em- 
ployed by Schfl,fer and Oliver was made with boiling 
water. Rlere boiling does not affect the action of the extract, 
bat continued boiling abolishes ita activity. It is probable, 
therefore, that the active principle is not of the nature of a 
ferment ; its action is not limited to the neutralisation of a 
poison in the blood. It certainly has direct stimulating 
powers on the tissaes. as shown by tichjifer's and Oliver^ 
experiments. It is tempting to jump to tlie conclusion that 
ita curative properties are due to stimulation of the tiaeaes, 
including the white corpaaclea. and to increased defeosiva 
activity on their part; bot at the present time there it 
enough evidence to warrant any definite opinion. 

To aum np, Addison's diaease is due to an inadequate 
supply ot suprarenal secretion. Whether the deficiency in 
this internal secretion leads to a toxic condition of the blood, 
or to a general atony and apathy, ia a question which mast '] 
remain open. 

TUBATJIBNT. 

In conclusion, a few words about the treatment of Addlaon'a ^ 
disease by suprarenal extract will not be out of place, since 
such a course of treatment ia the logical outcome of a beliet 
in the view that Addiaon'a diaease ia due to an abaenoe of the 
internal secretion of the suprarenal bodies. Bat few ob- 
servationa liave been published. Dr. G. Oliver^" treated two 
cases for three montlis with auprarenal extract by tiie mouth j 
they improved, in that they gained weiglit, became less pig- 
mented, and were freed from nausea and anorexia. 

I have had a woman with Addison's disease under treatment 
at St. George's Hoapital since June, 1894. She is ationger 
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and less subject to nansea and vomiting since taking supra- 
renal extract by the month ; and though still pigmented is 
on the whole decidedly better. The quantity of the extract 
that should be ^iven is a point which it is important to 
ascertain, otherwise disappointment may result because in- 
adequate doses are employed; a dose equal to 45 grains of 
the original gland spread over the twenty-four hours is cer- 
tainlv not too much. Since each suprarenal capsule of a man 
weigns about 1 drachm, and since the medulla is the only 
part containing the active principle, this dose is nearly equal 
to two suprarenal bodies a day. 

Dr. T. Oliver^^ mentions hypodermic injections of sui)ra- 
renal extract ; but the treatment was not given a fair trial, 

':' as the patient did not remain under observation. A more 

extended course of subcutaneous injection by Chauffard^^ 

:; was also unsuccessful. 

i; 8ir D. Duckworth, in an article in the EncydopiBdia of 

I Medicme, New York— the proofs of which he has most 

: kindly allowed me to see — quotes a case of Sir T. Grainger 

Stewart's, in which feeding with the suprarenal bodies pro- 
duced no good effect. 

Dr. G. Oliver's and Professor Schafer's physiological experi- 
ments suggested the use of the extract as a haemostatic 
agent. The remedv is on its trial, and will probably, like 
thyroid extract, be found to be useful in diseases other than 
that for which it was first employed. 

Since the action of suprarenal extract on the vascular 
system is the reverse of that of thyroid extract. Dr. G. Oliver 
has suggested its use in exophthalmic goitre. Inasmuch as 
the extract has such an extreme power of constricting the 
vessels. Dr. Oliver thinks it may be useful as a haemostatic 
in purpura, haemophilia, etc., and in the various conditions 
of vasomotor relaxation and paresis, such as occur at the 

^ xufinopause, in "cyclic" albuminuria, and in diabetes.^^ 

Possibly it might be useful in cases of shock and collapse. 
Dr. Douglas Stanley ^° has found that it increases the number 

I of red blood corpuscles in pernicious anaemia. Oliver and 

Sch&fer ^^ have found that suprarenal extract is not damaged 
by artificial gastric digestion, so that giving the drug by the 
mouth is physiologically correct. 

2' Iniemaiional Clinics^ 1895, vol. il, series 4, p. 33. 

3» Medical Week^ February, 1894, p. 85. 

3 9 jAaiiog OcLuoivto T) 90 

*" Bbitish Medical Joubnal, February I6th, 1895, p. 370. 
*i Proc. Physiol, Soc^ March 16th, 1896. 
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